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The popularity, widespread use and increasing dependency on wireless technologies has spawned a tele¬ 
communications industrial revolution with increasing public exposure to broader and higher frequencies of the 
electromagnetic spectrum to transmit data through a variety of devices and infrastructure. On the horizon, a new 
generation of even shorter high frequency 5G wavelengths is being proposed to power the Internet of Things 
(loT). The loT promises us convenient and easy lifestyles with a massive 5G interconnected telecommunications 
network, however, the expansion of broadband with shorter wavelength radiofrequency radiation highlights the 
concern that health and safety issues remain unknown. Controversy continues with regards to harm from current 
2G, 3G and 4G wireless technologies. 5G technologies are far less studied for human or environmental effects. 

It is argued that the addition of this added high frequency 5G radiation to an already complex mix of lower 
frequencies, will contribute to a negative public health outcome both from both physical and mental health 
perspectives. 

Radiofrequency radiation (RE) is increasingly being recognized as a new form of environmental pollution. 
Like other common toxic exposures, the effects of radiofrequency electromagnetic radiation (RE EMR) will be 
problematic if not impossible to sort out epidemiologically as there no longer remains an unexposed control 
group. This is especially important considering these effects are likely magnified by synergistic toxic exposures 
and other common health risk behaviors. Effects can also be non-linear. Because this is the first generation to 
have cradle-to-grave lifespan exposure to this level of man-made microwave (RE EMR) radiofrequencies, it will 
be years or decades before the true health consequences are known. Precaution in the roll out of this new 
technology is strongly indicated. 

This article will review relevant electromagnetic frequencies, exposure standards and current scientific lit¬ 
erature on the health implications of 2G, 3G, 4G exposure, including some of the available literature on 5G 
frequencies. The question of what constitutes a public health issue will be raised, as well as the need for a 
precautionary approach in advancing new wireless technologies. 


1. Introduction 

The adoption of new 5G technology promises to give the public a 
transformative communication network with an explosion of speed, 
volume of data and number of devices with unlimited computing in¬ 
stantly to anyone in the world. High tech companies are already mar¬ 
keting the Internet of Things to businesses, healthcare systems, schools 
and the public. The promise to connect our phones and appliances, will 
virtually eliminate many day-to-day household and business functions 
including driving. This will, according to industry, create a superior, 
connected society and unprecedented economic growth. What is 
missing in this discussion is the maturing literature on adverse 


biological, physiological, and psychological health effects of the 2G, 3G, 
and 4G radiofrequencies we are already exposed to, in addition to in¬ 
dications from the scientific literature that 5G frequencies could also be 
hazardous. 

Many important but unanswered questions merit serious con¬ 
sideration. Is the widespread deployment of this pervasive higher fre¬ 
quency small cell distributed antennae system in our cities and on our 
homes safe for humans and the environment? Will it add to the burden 
of chronic disease that costs our nation, according to the GDC, an es¬ 
timated 2.3 trillion dollars annually (GDC, 2017)? Are we already di¬ 
gitally over connected, shrinking our gray matter and becoming a 
dysfunctional addicted nation because of it (Weng et al., 2012)? How 
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will this affect our privacy, cyber security and the security of our 
medical records? Will physicians be able to recognize the emerging 
adverse health effects of new millimeter technology let alone that of 
current wireless devices? These important questions have not been 
addressed, yet industry and government policy have already moved 
forward with advertising, manufacturing and legislating the adoption of 
these new technologies. 

2. Methods 

A review of the literature was performed which included health 
effects of wireless technologies, controversies related to radiofrequency 
health effects, telecommunications 5G innovations and specifications 
for wireless technology as well as related policies affecting public 
health. 

3. Results 

3.1. Controversy persists as evidence of harm increases 

The controversy over health effects of radiofrequency electro¬ 
magnetic radiation (RF EMR) from commonly used wireless devices 
such as cell phones, cordless phones, WiFi routers and cell tower in¬ 
frastructure remains problematic. RF research in the U.S. is poorly 
funded and even when a study is robust it never seems to answer the 
question of long term safety or provide appropriate precautionary 
limits. (Wyde, 2016). In 2011 the International Agency on Research on 
Cancer (lARC) listed non-ionizing radiofrequency radiation from cell 
phones and other wireless devices in Group 2B: Possibly carcinogenic to 
humans, based on a thorough analysis of current scientific evidence 
(lARC, 2011; lARC, 2017). Some researchers feel this listing should be 
changed to a Group 2A: Probably carcinogenic to humans or to Group 1: 
Carcinogenic to humans classification (Morgan et al., 2015; Sage and 
Carpenter, 2012). This is based on the recent National Toxicology 
Program Carcinogenicity Studies of Cell Phone Radiofrequency Radia¬ 
tion that report a significant increase in heart and brain tumors with 
RF-EMR exposure (Wyde, 2016). This is in addition to the abundance of 
basic scientific studies that show a clear health risk associated with 
exposure to radiofrequencies, especially with long term exposure 
(Harden et al., 2013a, 2013b; Adams et al.al., 2014; Bortkiewicz et al., 
2017; Carlberg and Hardell, 2017; Hassanshahi et al., 2017; Liu et al., 
2014; Levitt and Lai, 2010). Many of these studies demonstrate effects 
well below the heat threshold of current safety standards (Wyde, 2016; 
lARC, 2011; Sage and Carpenter, 2012; EPA, 1992; Esmekaya et al., 
2011; Grigoriev et al., 2010; Belyaev, 2005; Yu and Yao, 2010). 
Radiofrequencies are absorbed by and pass through living systems that 
contain water. Pregnant women and children are more vulnerable to 
developmental harm from microwave radiation due to immature organ 
systems (Birks et al., 2017; Othman et al., 2017a, 2017b). Research also 
shows children absorb more microwave radiation per body weight than 
an adult, however, standards were developed for adult bodies (Morgan 
et al., 2014). 

3.1.1. Industry bias and scientific results 

Industry continues to state that the weight of evidence regarding 
harm from RF-EMR is inconclusive. Studies that review the sources of 
funding and scientific bias regarding cell phones and brain cancer in¬ 
dicate otherwise. Huss et al. (2007) performed a systematic review 
regarding the association of cell phone use and brain tumors in relation 
to funding. He found that industry studies showed a positive association 
33% of the time, whereas non-industry studies showed an 82% asso¬ 
ciation. In addition, they discovered that none of the 31 peer reviewed 
journals listed conflicts of interest for the authors. 

Myung et al. (2009) performed a meta-analysis and found that there 
was a small but significant elevation in brain tumors with long term cell 
phone use when high quality studies were examined. He noted Hardell's 


research to be more robust, as “all of the studies by Hardell et al. used 
blinding to the status of patient cases or controls at the interview and 
were categorized as having a high methodologic quality when assessed 
based on the NOS, whereas most of the INTERPHONE-related studies 
and studies by other groups did not use blinding and were thus cate¬ 
gorized as having low methodologic quality”. Prasad et al. (2017) in¬ 
vestigated the results of 22 case-controlled studies which showed an 
increased risk of brain tumor with long-term exposure to mobile phone 
radiation while industry-funded research tended to underestimate the 
risk. 

An analysis of the Interphone study by Morgan (2009) noted eleven 
design flaws, includingl) selection bias, 2) insufficient latency time, 3) 
definition of 'regular' cellphone user, 4) exclusion of young adults and 
children, 5) no cosideration for cell phone exposure in rural areas 
where they would be radiating at higher power levels, 6) exposure to 
other transmitting sources are excluded, 7) exclusion of brain tumor 
types, 8) recall accuracy of cellphone use, and 9) funding bias. 

In the first court case to award damages to a plaintiff for a brain 
tumor caused by cell phones, an Italian court excluded cancer-based 
studies related to cellphones that had been financed by tele¬ 
communications companies., according to a news articles (Williams, 
2017). 

3.2. Current Federal Communications Commission (FCC) radiofrequency 
guidelines 

Physicists and engineers point out that non-ionizing radiofrequency 
radiation, which we use in modem telecommunications today, has too 
low an energy unit per photon to move electrons in an atom, causing 
ionization, as seen with radiation from X-rays and radioactive materials 
(WHO, 1981). They argue that heat is the only measure of harm which 
is meaningful with regards to health and safety of RF EMR. Scientists, 
however, have elucidated other mechanisms whereby cellular func¬ 
tioning can be dismpted by non-thermal exposures to radiofrequency 
radiation. 

Current FCC Guidelines for non-ionizing radiation exposure were 
developed over two decades ago and are based on heating of tissues 
over short exposure periods (6 min for occupational/controlled and 
30 min for public/uncontrolled exposure) (FCC, 1997, 2015; FCC, 
2013). There are no long term exposure guidelines, nor are there 
guidelines for low level, non-thermal or biological effects considered in 
the International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) standards which are the basis for standards used worldwide 
(ICNIRP, 2009; Hardell, 2017). 

With the passage of the federal Telecommunication Act of 1996 
responsibility for safety of non-ionizing radiation was passed from the 
EPA to the FCC (1996). At the time, the EPA was preparing re¬ 
commendations for long term exposure which were not included in the 
FCC guidelines (EPA, 1981; EPA, 1992). In a 1993 scientific conference 
sponsored by the US EPA Office of Air and Radiation and the Office of 
Research and Development, the EPA discussed its concerns about public 
RF exposure and the need for additional research. The report noted 
health issues that remained unsolved including “potential effects of 
long term, low level exposure; and biophysical mechanisms.” (EPA, 
1993). 

A World Health Organization summary of Environmental Health 
Criteria from a Warsaw conference in 1973 stated “More data on the 
relationship between biological and health effects and the frequency 
and mode of generation of the radiation, particularly in complex 
modulations, are needed.” They further state, “Prevention of potential 
hazards is a more efficient and economical way of achieving control 
than belated efforts to reduce existing levels.” (WHO, 1981). 

Sage and Carpenter, among others, note that for adequate public 
health protection a biological safety standard is needed that considers 
current research indicating cellular harm, long term effects of constant 
exposure and effects on vulnerable populations (Sage and Carpenter, 
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2012; Blank et al., 2015). FCC recommendations have not been updated 
to include current literature on cellular affects at levels below FCC 
guidelines or effects of long term exposure (EPA Letter, 2002). It is 
notable that Section 704 of the 1996 Telecommunications Act specifies 
the following: “Section 704(a) of the 1996 Act expressly preempts state 
and local government regulation of the placement, construction, and 
modification of personal wireless service facilities on the basis of the 
environmental effects of radio frequency emissions to the extent that 
such facilities comply with the FCC's regulations concerning such 
emissions (FCC, 1996). This policy directly contradicts current evidence 
of harm. 

3.2.1. FCC guidelines and specific absorption rate 

In 1985, the FCC adopted thermal guidelines to be used for evalu¬ 
ating human exposure to radiofrequency (RF) emissions, incorporating 
electric and magnetic field strength and power density limits for 
Maximum Permissible Exposure (MPE) for transmitters operating at 
frequencies between 300 kHz and 100 GHz. These were updated in 
1996. Limits are defined by either Specific Absorption Rate (SAR) or 
power density (PD). SAR is a measure of heat absorption in the body 
expressed in watts per kilogram and is typically used for near field 
exposure to cell phones and wireless devices. For the general popula¬ 
tion the SAR limit in the U.S. is 0.08 W/kg as averaged over the whole- 
body and for localized heating (typically for cell phones) the SAR limit 
should not exceed 1.6 W/kg as averaged over any 1 g of tissue. These 
SAR standards apply at operating frequencies between 100 kHz and 
6 GHz (ICNIRP, 2009). This guideline gives a heating safety factor of 50 
(ICNIRP, 2009; Hardell, 2017). 

The closer the device is to the body, the higher the absorption of 
radiation and heat generated, thus in manufacturers device information 
inserts, the SAR is usually listed with safety recommendations for 
limiting close proximity to the body. The recommendation for devices 
such as tablets and portable laptop computers in FCC documents Page 5 
states “For purposes of RF exposure evaluation, a mobile device is de¬ 
fined as a transmitting device designed to be used in other than fixed 
locations and to be generally used in such a way that a separation 
distance of at least 20 cm is normally maintained between the trans¬ 
mitter's radiating structures and the body of the user or nearby per¬ 
sons.” (FCC, 1997). 

For cell phones, the distance from the head to comply with SAR 
standards varies between different phones and manufacturers. Usually a 
minimum separation of millimeters from the head is noted in the 
manufactures literature. For example, the Samsung model SM-G920A 
insert states “Body-worn SAR testing has been carried out at a separa¬ 
tion distance of 1.5 cm. To meet RF exposure guidelines during body- 
worn operation, the device should be positioned at least this distance 
away from the body.” (Samsung SAR) Although implantable medical 
devices are now shielded from external RF EMR to prevent interference, 
manufactures may still include safety information. Samsung notes, “A 
minimum separation of six (6) inches should be maintained between a 
handheld wireless mobile device and an implantable medical device, 
such as a pacemaker or implantable cardioverter defibrillator, to avoid 
potential interference with the device.” (Samsung Guide). 

3.2.2. Higher frequency radiation FCC measurement standards: 6-100 Ghz 

For higher frequencies energy is measured as power per unit area or 

power density (PD). Power density is typically expressed in terms of 
watts per square meter (W/m^) or milliwatts per square centimeter 
meter (mW/cm^). The conversion is 10W/m= 1 mW/cm^. It is also 
expressed as microwatts per square centimeter (pW/cm^) for lower 
power measurements (1 mW/cm^ = 1000 pW/m^) (SLAG, 2015). 
Power density limits vary with frequency but at cell phone frequencies 
of 1500 MHz the FCC limit is 1 mW/cm^ (or 1000 pW/m^) in the U.S. 
(Madjar, 2016). The FCC notes in the GET Bulletin 65, that “devices 
that operate above 6 GHz (e.g., millimeter-wave devices) localized SAR 
is not an appropriate means for evaluating exposure. At these higher 


frequencies, exposure from portable devices should be evaluated in 
terms of power density MPE limits instead of SAR.” (FCC, 1997). 

3.2.3. EMR frequencies 

Wireless communication uses electromagnetic frequencies to carry 
data through the air. Typically, this includes both a carrier wave and an 
operating wave. Frequency is measured in cycles per second. 1 Hz (Hz) 
is one cycle per second. A Kilohertz (KHz) is 1000 cycles per second, a 
Megahertz (MHz) is a million cycles per second and a Gigahertz (GHz) 
pulses at a billion cycles per second. The typical 2.4 GHz Wi-Fi pulses at 
2.4 billion cycles per second. Broadband was introduced in the 2000's 
as a high capacity transmission technology that allows a wide band of 
radio frequencies to operate simultaneously. This multiple frequency 
technology can be delivered with copper wires, fiberoptic, cables or 
through wireless transmission (Chiou, 2005; Goleniewski, 2001). In 
order to carry data at faster speeds, each new generation of tele¬ 
communications uses higher frequency radio waves. The higher fre¬ 
quencies used for new technology are added to the existing frequencies 
of older technology (Chavez-Santiago et al., 2015; 5G Vision EU). This 
creates an increasing mix of electromagnetic frequency exposures. 

3.2.4. The electromagnetic spectrum and wireless devices 

Radio frequency (RF) comprises a continuum of the electro¬ 
magnetic spectrum wavelengths below visible and infrared light from 
about 3 kHz to 300 GHz. The wavelengths in the radio frequency range 
in size from hundreds of meters to fractions of a a centimeter. 

Radio communications operate with long waves that are a meter 
to many kilometers wide. These are in the 3 Hz to 300 MHz band. AM 
Radio operates from 540 to 1600 kHz. FM Radio operates from 76 to 
108 MHz. Long radio communication wavelengths are also known as 
groundwaves and can follow the earths contours beyond the horizon an 
thus transmit far distances. 

Microwave radio frequencies are 300 MHz to 300 GHz. Higher 
frequency and shorter wavelength radio frequencies (microwaves) are 
now widely used in modern digital communications. First generation 
(IG) to Fourth generation (4G) radio frequency wavelengths are cen¬ 
timeters to a meter in width and were first used in military commu¬ 
nications decades ago. These shorter wavelengths transmit information 
in a straight line of sight path but for shorter distances. Cell towers thus 
can transmit dozens of miles away versus typical radio communication 
towers that can transmit for lOO's of miles, depending on the power 
output, height of the tower, weather and topography. New proposed 5G 
small cells, with millimeter waves, will transmit only 300 m. 

As telecommunication has advanced, the frequencies used have 
shorter wavelengths and faster data transfer. More data channels can be 
compressed into the shorter frequency bands enabling more data to be 
transferred simultaneously. This means more data at faster speeds. 
Older cell phones and cordless DECT phones use 900 and 1800 MHz 
wavelengths. Today almost all newer wireless devices use a small range 
of frequencies clustered near 2.4 GHz, i.e. Cell phones, cordless phones, 
Wi-Fi routers, and Bluetooth. This is the same frequency as microwave 
ovens but with much less power. To eliminate interference from mul¬ 
tiple devices, 5.0 GHz frequencies have been introduced into newer 
wireless devices. Smart meters operate with both a 900 and 2.4 GHz 
signals. 

Proposed fifth generation (5G) technologies will use frequencies 
between 30 and 100 GHz which are shorter millimeter wavelengths 
(1-10 mm) (Nordrum, 2017). This technology is said to carry wireless 
data 10 times faster than 4G with 1000 times the data. 

3.2.5. Generational cell phone frequencies 

IG - Analog- Advanced Mobile Phone Service (AMPS) was 
commercially introduced in the 1980's and operated with voice only at 
800 MHz with a continuous wave signal. 

2G - Global System for Mobile Communications (GSM) and 
Code Division Multiple Access (CDMA), are variants of 2G systems. 
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introduced in 1990's providing text messaging, multimedia messaging 
and internet access. These were used in the first digital cell phones. 
Frequencies are a combination of 850 and 1900 or 900 and 1800 MHz. 

3G - Universal Mobile Telecommunications Service (UMTS)- 
Introduced in 1998 with broadband features providing data transfer, 
mobile internet and video calling. There are dozens of frequency bands 
available in the 800-900 MHz range and the 1700-2100 MHz range 
depending on the carrier. 

4G - Long Term Evolution (LTE) -Was released in 2008 with 
higher frequency broadband supporting faster web access, gaming, 
video conferencing, and HD Mobile TV. These frequencies are in the 
700 MHz, 1700/2100 MHz and the 2500-2690 MHz range. 

5G- Device-to-Device Communication, Proposed for expansion of 
the Internet of Things (loT). Uses wavelengths from 30 to 100 GHz and 
possibly up to 300 GHz. 

3.3. The science of biological harm from non-ioruzing radiation 

A growing body of scientific literature documents evidence of non- 
thermal cellular damage from non-ionizing wireless radiation used in 
telecommunications. This RF EMR has been shown to cause an array of 
adverse effects on DNA integrity, cellular membranes, gene expression, 
protein synthesis, neuronal function, the blood brain barrier, melatonin 
production, sperm damage and immune dysfunction (Dasdag et ah, 
2015a; Dasdag et ah, 2015a, 2015b; La Vignera et al.ah, 2012; Levine 
et al.ah, 2017). Human health effects associated with wireless radiation 
include infertility, neurodegenerative changes and brain cancer (Wyde, 
2016; lARC, 2011) (; Sage and Carpenter, 2012; Kim et ah, 2017; Kesari 
et ah, 2011; Kesari et ah, 2012a, 2012b; Zhang et ah, 2016; Agarwal 
et ah, 2011, 2008; Al-Quzwini et ah, 2016; Banik, 2003; Consales, 
2012; D'Andrea and Chalfin, 2000; Desai et ah, 2009: Prasad et ah, 
2017). In addition, electrosensitivity to wireless and electrical devices is 
being increasingly recognized by scientists and physicians (Hojo et ah, 
2016; Singh and Kapoor, 2014; Belpomme et ah, 2015). A biologically 
based standard has been recommended with a scientific benchmark to a 
“lowest observable effect level” for RF EMR at 0.003 uW/cm^ (Sage and 
Carpenter, 2012). There is also growing evidence of harm to trees, 
wildlife and other biosystems (Sivani and Sudarsanam, 2013). 

3.3.1. Oxidation mechanism of cellular harm 

A well-studied potential mechanism of harm from radiofrequency 
radiation is one of cellular oxidation. Healthy biological systems require 
a balance of oxidation and antioxidation to fight infection and prevent 
disease (44, 45, 46). A review of the literature by Yakymenko et ah 
(2016) confirmed that in 93 of 100 studies, non-ionizing radio¬ 
frequency radiation caused a cellular stress response with excessive 
reactive oxygen species. He concluded, “oxidative stress induced by 
RFR exposure should be recognized as one of the primary mechanisms 
of the biological activity of this kind of radiation.” 

Reactive oxygen species (ROS) are a normal part of cellular pro¬ 
cesses and cell signaling. Overproduction of ROS that is not balanced 
with either endogenous antioxidants (superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GPx), glutathione (GSH), mel¬ 
atonin), or exogenous antioxidants (Vitamin C, Vitamin E, carotenoids, 
polyphenols) allows the formation of free radicals that oxidize and 
damage DNA, proteins, membrane lipids and mitochondria. 
Mitochondrial DNA is more susceptible to DNA damage than nuclear 
DNA as it lacks histones, has a reduced ability to repair DNA, and is not 
protected from mitochondrial reactive oxygen species (Gdrlach et ah, 
2015). Excess ROS have been associated with exposure to toxic che¬ 
micals, pesticides and metals (Abdollahi et ah, 2004; Sharma et ah, 
2014: Drechsel and Patel, 2008). Oxidative damage from ROS has been 
increasing linked to the development and/or exacerbation of a number 
of chronic diseases and cancer (Thannickal and Fanburg, 2000; Valko 
et ah, 2006; Bouayed and BohnBohn, 2010; Gdrlach et ah, 2015; 
Alfadda and Sallam, 2012). 


3.3.2. Electrosensitivity 

An increasing number of people are reporting a variety of symptoms 
with exposure to wireless devices and infrastructure, including head¬ 
aches, insomnia, dizziness, nausea, lack of concentration, heart palpi¬ 
tations and depression. These are now recognized as signs of electro¬ 
sensitivity or electromagnetic hypersensitivity. A personal 
communication and case history was recently described by Dr. Scott 
Eberle, a hospice physician who, after an inciting event, became elec¬ 
trosensitive, and discovered his continuing physical symptoms were 
due to wireless radiation from his computer and cell phone. (Eberle, 
2014; Eberle, 2014, 2017). Reports of electrosensitivity with these non¬ 
specific but sometimes debilitating symptoms have incidences from 
1.5% of the population in Sweden to 13.3% of the population in Taiwan 
(Hedendahl et ah, 2015). 

The United States Access Board recognizes “that multiple chemical 
sensitivities and electromagnetic sensitivities may be considered dis¬ 
abilities under the ADA if they so severely impair the neurological, 
respiratory or other functions of an individual that it substantially limits 
one or more of the individual's major life activities.” (ADA, 2014). 

It is notable that these same symptoms were described in military 
personnel working near radar communications systems. A 1981 NASA 
report, “Electromagnetic Field Interactions: Observed Effects and 
Theories”, described microwave sickness with a host of symptoms re¬ 
corded, including headaches, eyestrain, fatigue, dizziness, disturbed 
sleep at night, sleepiness in daytime, moodiness, irritability, un¬ 
sociability, hypochondriac reactions, feelings of fear, nervous tension, 
mental depression, memory impairment, pulling sensation in the scalp 
and brow, loss of hair, pain in muscles and heart region, breathing 
difficulties, and increased perspiration of extremities (NASA, 1981). 

3.4. 5G technology would be a mix of microwave frequencies 

The vision of the next generation of communications technology, 
5G, is to have instantaneous delivery of large volumes of multimedia 
content over a seamless wireless connection anywhere at any time 
(Chavez-Santiago et al., 2015; Greenemeier, 2015). To do this, new 
high frequency, faster delivery bands and a wider spectral bandwidth 
would need to be allocated in the 6-100 GHz range. Because the shorter 
frequencies transmit across short distances (hundreds of meters), a 
dense network of cellular antennas would need to be deployed 
throughout cities and neighborhoods, including extensive battery 
backup systems. 

This system proposes to be additive with a blended architecture. 
Plans are in the works to adopt underused licensed frequencies 
throughout the spectrum. It will be a network of networks, with mul¬ 
tiple layers of frequencies, multiple devices, and multiple user inter¬ 
actions (Jacobfeuerborn, 2015). Small cell deployments can be used as 
high capacity Wi-Fi hotspots forming an outdoor mesh network with an 
intergenerational mix of communications networks with 5G added 
later. It is not a completely new technology which will be deployed, 
according to Chavez-Santiago et al. (2015), but a spectrum-usage 
combination. “5G 

3.4.1. 5G deployment by 2020 

The start of commercial deployment of 5G systems is expected in 
2020 with rapid expansion thereafter" to support more than one thou¬ 
sand times today's mobile traffic volume” (Chavez-Santiago et al., 
2015). 

The development of this technology has been underway for several 
years with research and development funding from many sources. 
Public, private and academic partnerships have been developed to ad¬ 
vance this initiative. There is a race for R&D with significant resources 
invested with expected much higher return on investment. In 2012, the 
University of Surrey in the United Kingdom secured £35 million in 
funding for the 5G Innovation Centre, 5GIC, which offers testing fa¬ 
cilities to mobile operators developing spectrum technologies. This year 
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they announced their first 5G digital gaming initiative (University of 
Surrey, 2017). 5G Americas are planning to boost development of 
broadband technologies in Latin America as well (FCC Letter, 2016; 5G 
Americas, 2017). 

3.4.2. Are there downsides to 5G telecommunications technology? 

Industry papers discussing 5G, talk about markets, business models, 

and start-ups. New white papers have focused on needs for public 
safety, emergency response and earthquake preparedness. How much 
benefit will there really be for adding all this hyper-connecting tech¬ 
nology compared to public health and environmental consequences? A 
more thorough investigation is needed with all the downsides included 
in the analysis, including E-Waste, global climate change, toxics emis¬ 
sions, occupational safety, privacy, security, public safety from wide¬ 
spread battery backup systems, and most critically, direct human health 
and environmental risks. We already have 911 and satellite commu¬ 
nications for emergencies. If this technology is adopted we will lose our 
critical copper landline wires that are safer, more secure, and require no 
battery backups. Regulations regarding cost, access and usage of this 
widespread internet system have yet to be determined. Health and 
psychosocial effects are largely absent from business discussions. 

3.4.3. More antennas and more frequencies are needed for a seamless 
connection 

5G millimeter waves (MMW) are extremely high-frequency 
(30-300 GHz) electromagnetic radiation. In general, the longer the 
wavelength the longer it travels and the farther apart broadcast stations 
are placed.The 5G short higher frequency millimeter wavelengths travel 
shorter distances (a few hundred meters) thus to achieve a seamless 
integrated wireless system the “small cell” antenna are proposed to be 
placed about every 250 m. The exact frequencies of MMW desired for 
the next-generation of high-speed wireless technologies are not yet 
configured but industry letters to the FCC seek to open all the fre¬ 
quencies up to 100 GHz, with some suggesting even higher frequencies 
(FCC Letter 5G Americas). These MMW frequencies will be mixed with 
current longer microwave frequencies to achieve integration of systems. 
At higher power densities, cell tower studies show that symptoms of 
electrosensitivity occur within about 300 m of a cell tower (Santini 
et al., 2002; Zothansiama et al., 2017). The added frequencies and close 
proximity of small cell antenna in this dense network are a valid con¬ 
cern for residents. MMW are absorbed by anything with water such as 
foliage thus causing attenuation of the signals and making connections 
with the system line of sight only (Rappaport and Deng, 2015). Milli¬ 
meter waves also do not penetrate walls. This has been a problem for 
designers, who are still trying to figure out a solution. 

3.4.4. FCC exposure limits for 5C millimeter waves 

SAR levels are used for cell phones, tablets and other handheld 
wireless devices to determine regulatory compliance. For millimeter 
wavelength devices and infrastructure power density above 6 GHz 
(FCC) and above 10 GHz (ICNIRP) needs to be measured with power 
density (FCC, 1997; Wu et al., 2015a) This is due to the higher energy 
absorption in a shallow area that causes heating more rapidly resulting 
in much higher SAR levels. The FCC maximum permissible exposure 
(MPE) in terms of power density for frequencies between 1.5 and 
100 GHz is lOmW/cm^ over a 30 min period (FCC, 1997; Romanenko 
et al., 2014). Heat generated is a concern in handheld devices for 5G 
but is still considered the only valid measure of harm, no biological 
cellular alterations are considered (Wu et al., 2015a). 

3.4.5. Studies on millimeter wavelenghts 

Millimeter waves (MMW) are absorbed by water in living plants, 
bacteria, insects and human skin with variable effects. Because of 
shallow penetration of MMW, the eyes and skin are of primary concern. 
Bacterial effects have also been examined with evidence of antibiotic 
resistance caused by MMW. In humans, the penetration depth of more 


than 90% of the transmitted power is absorbed in the epidermal and 
dermal layers (Wu et al., 2015a). Because the depth is so superficial, 
higher heating occurs more quickly with less dissipation. Many biolo¬ 
gical responses to MMW irradiation can be initiated within the skin 
(Isaac et al., 2012; Ziskin, 2013; Gandhi and Riazi, 1986). Systemic 
signaling in the skin can result in physiological effects on the nervous 
system, heart, and Immune system mediated through neuroendocrine 
mechanisms (Pakhomov et al., 1998). Currently MMW is used for some 
high speed wireless networks (Sundeep et al., 2012) and radar sensors 
for car navigation (Menzel, and Moebius, 2012). Considering planned 
ubiquitous and continuous MMW exposure there is a need to under¬ 
stand any potentially negative health effects of these frequencies 
(National Research Council US, 1983; Liu et al., 2014; Drean et al., 
2013; Mahamoud et al., 2016; Nelson et al., 2000). 

3.4.5.1. Skin effects. Numerous experimental studies have shown that 
surface effects of low intensity MMW can be quite substantial, inducing 
a number of biological changes, even at non thermal levels, including 
cell membrane effects (Feldman et al., 2009; Ramundo-Orlando et al., 
2009; Feldman et al., 2008; Millenbaugh et al., 2006; Enin et al., 1992; 
Ramundo-Orlando, 2012; Ziskin, 2013; Hayut et al., 2014; Ney and 
Abdulhalim, 2011; Chernyakov et al., 1989). There are MMW studies 
showing both beneficial and adverse effects, depending on frequency, 
modulation, power density, polarization, and exposure time (Belyaev 
et al., 2000). MMW has been used for many years as a non-invasive 
therapeutic modality in complementary medicine in many Eastern 
European countries for pain therapy (Taras et al., 2006) with some 
evidence that short term application of certain frequencies stimulate 
release of endogenous opioids in the skin (Ziskin, 2013). For a contrary 
purpose, the military are using 95 GHz MMW for non-lethal active 
denial systems (Gross, 2010). It appears that the 95 GHz MMW range 
affects the cutaneous nociceptors and act as a threatening stimulus 
without heating or thermal damage (LeVine, 2009). The mechanism has 
not been fully elucidated but researchers have proposed the sweat 
glands as a target. Feldman et al. (2008; 2009) demonstrated that the 
sweat ducts in human skin are helically shaped tubes, filled with a 
conductive aqueous solution. Their research indicates that sweat ducts 
in the skin could behave as antennas and thus respond to millimeter 
waves. 

3.4.5.2. Ocular effects. There is particular concern for 5G applications 
as the eyes would also receive significant radiation especially for near 
field exposures. Cataracts remain the leading cause of blindness in the 
world, and are a societal burden due to the high incidence, cost and 
consequences to quality of life (GDC, 2015). NIH statistics from 2010 
show there is a 17.11% overall prevalence of cataracts over age 40 (NIH 
NEH, 2010) and a steady rise in cataract surgeries (Gollogly et al., 
2013). An eight-year study showed the total Medicare costs for cataract 
surgery alone was approximately 3.6 billion, which is 60% of all eye 
care costs (Ellwein and Urato, 2002). Well established risk factors in the 
development of cataracts are age, smoking, diabetes, and UVB 
exposure. Research is pointing towards oxidative damage as a general 
mechanism for age related cataracts (Spector, 1995; Ye et al., 2001; 
Abraham et al., 2006). Microwave radiation is also a known cause of 
cataracts with heat being an undisputed mechanism. The eyes lack 
sufficient blood flow to dissipate heat effectively. There is some 
evidence that repeated low level exposures to microwave radiation 
could cause cataracts but researchers agree that more studies are 
needed (Vignal et al., 2009; Carpenter and Van Ummeren, 1968; 
Moss et al., 1977; Foster et al., 1986; Van Umersen and Cogan, 1976; 
Riva et al., 2005; Ryzhov et al., 1991; Drean et al., 2013; Morgan et al., 
2015). 

Frey (1985) elucidates the reasons why the earlier Appleton and 
McCrossan study found no cataractogenesis from microwave exposure 
after reviewing their data. He found 3 major flaws in the study design 
and interpretation. These were 1) the exposed group likely included 
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people with little or no exposure 2) control group consisted of people 
working with equipment known to cause eye damage 3) they never 
performed a statistical analysis on their data. Nevertheless, their study 
was held up as proof there were no harmful effects from radiofrequency 
radiation. Frey notes the need to critically review negative studies as 
this contributes to the distortion and distrust of science. 

Lipman et al. (1988) noted that microwaves most commonly cause 
anterior and/or posterior subcapsular lenticular opacities both in ex¬ 
perimental animals, epidemiologic studies and case reports. They in¬ 
dicate that cataract formation is related to the power of the microwave 
radiation and duration of exposure. Lipman concludes that until further 
definitive research is conducted on the mechanisms of injury and pro¬ 
tective measures identified, mechanical shielding is recommended to 
minimize the possibility of development of radiation-induced cataracts. 

Cutz (1989) in his publication “Effects of microwave radiation on 
the eye: The occupational health perspective”, looked at occupational 
exposure to RF EMR noting that eye effects from microwave radiation 
can be thermal or non-thermal and that lens opacities can be generated 
experimentally in animals with relatively high intensity RF EMR (power 
density above lOOmW/cm^). He states that for lower intensities cu¬ 
mulative exposures may cause damage. He also reported that micro- 
waves caused degeneration of retinal nerve endings. Long term effects 
were not determined, pointing to the need for additional research. 

Kues and Monhan (1992) at John Hopkins University, researched 
the effects of low-level microwave radiation on the primate eye using 
1.25 and 2.45 GHz wavelengths for 4h daily for 3 consecutive days. 
They identified damaging ocular effects including comeal lesions, in¬ 
creased vascular permeability and degeneration of photoreceptors in 
the retina. They found that pulsed microwave exposure produced ab¬ 
normalities at lower power densities than continuous wave exposure. 
These were relatively short exposure periods. 

Frost et al. (1994) was one of the first to study the effects of milli¬ 
meter microwave radiation on the eye. He noted that microwaves of 
different wavelengths have been implicated in the development of 
cataracts. His research found that low power millimeter waves pro¬ 
duced lens opacity in rats over a 58-day period (10mW/cm2), in¬ 
dicating MMW is a predisposing factor for cataracts. 

Bormusov et al. (2008) examined the non-thermal effects of high 
frequency radiation from cell phones and other wireless devices on lens 
epithelium. They found both reversible and irreversible ocular changes 
and notes that the effects they saw with short term exposure at low 
levels could translate to similar effects with cataracts over a 10-20 year 
period of cumulative exposure. They state “It is recommended to use 
cell phones from a distance to minimize exposure, thus reducing any 
potential harmful effects of cell phone use on the lens.” 

Yu and Yao (2010) reviewed literature on microwave radiation and 
induction of cataracts. Reports of non-thermal biologic effects of mi¬ 
crowave radiation include alteration of cell proliferation and apoptosis, 
inhibition of gap junctional intercellular communication, stress re¬ 
sponse and genetic instability. They concluded that further in vivo 
studies are needed. 

Shawaf (2015) reported on an acute bilateral cataract development 
in a healthy young radar worker due to accidental high power micro- 
wave exposure. He notes “there are also non-thermal effects of micro- 
wave energy on the eye including pressure waves and physical 
stretching, deformation, and tearing of the membranes of the lens 
cells.” 

In a 2014 publication in the Institute of Electrical and Electronics 
Engineers journal, IEEE Transactions on Microwave Theory and 
Techniques, Sasaki et al. (2014) reported their in vivo rabbit experi¬ 
ments for operating frequencies ranging from 24.5 to 95 GHz, mea¬ 
suring temperature elevation. Their studies suggest that corneal da¬ 
mage occurred at an incident power density of 300 mW/cm^. They 
conclude that ocular heating should be the basis for safety guidelines 
for near field exposure. It is mentioned however that only a few ex¬ 
perimental studies in the miilimeter wavelengths were used to 


determine the current exposure guideline limits. 

In another IEEE publication looking at MMW health effects, Wu 
et al. (2015b) support current standards of safety based on heat but 
point out that the MMW research on biological effects is sparse relative 
to that of longer microwave frequencies. They advise that additional 
studies may be needed to examine the potential biological effects of 
MMW radiation in order to develop appropriate consumer guidelines, 
especially where antennas are located close to the body. 

From the available literature it appears that microwave frequencies 
including MMW proposed for 5G can have non-thermal biological ef¬ 
fects on the lens of the eye. 5G deployment will add shorter wave¬ 
lengths to longer wavelengths which have not been adequately tested 
for long term exposure. With the expected rise of wearable ocular di¬ 
gital technology devices such as virtual reality for gaming, entertain¬ 
ment, the social sciences and healthcare, there will be significantly 
more exposure to microwave radiation very close to the orbit. Current 
safety guidelines are based on heat measurements. The paucity of 
current literature on ocular effects of millimeter wavelengths highlights 
the need for much more independent research and precaution moving 
forward to prevent an epidemic of ocular pathology. 

3.4.5.3. Review of effects. In a very thorough review article, Pakhomov 
et al. (1998) looked at the biological effects of MMW. He examined 
dozens of studies and cites research demonstrating profound effects of 
MMW on all biological systems including cells, bacteria, yeast, animals 
and humans. Some effects were clearly thermal, however, many of the 
studies showed non-thermal biological effects at low intensities. Both 
negative and positive responses were seen depending on frequency, 
power, resonance and exposure time. Researchers found at times even 
small difference in frequencies could have very different biological 
effects. 

Pakhomov summarized the studies and included effects on heart 
rate variability, teratogenicity, and bacterial growth alterations with 
antibiotic resistance. Chernyakov et al. (1989) induced heart rate 
changes in anesthetized frogs by microwave irradiation of remote skin 
areas. Complete denervation of the heart did not prevent the reaction. 
This suggested a reflex mechanism of the MMW action involving certain 
peripheral receptors. Potekhina et al. (1992) found certain frequencies 
from 53 to 78 GHz band continuous wave changed the natural heart 
rate variability in anesthetized rats. He showed that some frequencies 
had no effect (61 or 75 GH) while other frequencies (55 and 73 GHz) 
caused pronounced arrhythmia. There was no change in skin or whole 
body temperature. 

One study of MMW teratogenic effects was performed in Drosophila 
flies by Belyaev et al. (1990). Embryos were exposed to 3 different GHz 
frequencies for 4-4.5 h at O.lmW/cm^. He found that irradiation at 
46.35 GHz, but not at 46.42 or 46.50 GHz, caused marked effects in¬ 
cluding an increase in morphological abnormalities and decreased 
survival. It was felt the MMW disturbed DNA-protein interactions at 
that particular frequency. Bulgakova et al. (1996) in studies with 14 
different antibiotics showed how MMW exposure of the bacterium S. 
aureus affects its sensitivity to antibiotics with different mechanisms of 
action. The MMW increased or decreased antibiotic sensitivity de¬ 
pending on the antibiotic concentration. 

Pakhomov warned that there was a possibility of significant bio¬ 
effects of millimeter wave technology at current safety standards and 
more study was needed. He called for replication of studies especially 
long term effects of MMW. 

Pakhomov concluded that the effects were not necessarily linear as 
different individuals may react differently, there were unknown and 
uncontrolled factors affecting sensitivities, and electrosensitivity to 
millimeters may be real with 30 to 80% of test subjects able to feel low 
intensity millimeter wave radiation. 

3.4.5.4. Immune system. Kolomytseva et al. (2002), looked at the 
function of peripheral blood neutrophils under whole-body exposure 
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of healthy mice to low-intensity extremely high-frequency 
electromagnetic radiation (EHF EMR, 42.0 GHz, 0.15mW/cm^, 
20 min daily). The study showed 50% suppression of phagocytic 
activity of neutrophils after a single exposure to MMW radiation with 
the authors noting a profound effect on nonspecific immunity. 

Lushnikov et al. (2003) investigated cell-mediated immunity and 
nonspecific inflammatory response in mice exposed to low-intensity 
extremely high-frequency electromagnetic radiation (EHF EMR, 
42.0 GHz, 0.1 mW/cm2, 20 min daily). They found that MMW radiation 
reduced both immune and nonspecific inflammatory responses (130). 
Other research by the same group corroborated an anti-inflammatory 
effect of MMW that appeared mediated by the immune neuro-endocrine 
system. This could explain some of the reported beneficial effects. Long 
term exposure was not mentioned. 

Gapeev et al. (2003) showed for the first time that low-intensity 
extremely high- frequency MMH electromagnetic radiation in vivo 
causes effects on spatial organization of chromatin in cells of lymphoid 
organs. Chromatin is a complex of DNA and proteins that forms chro¬ 
mosomes within the nucleus of eukaryotic cells. He exposed mice to a 
single whole-body exposure for 20 min at 42.0 GHz and 0.15 mW/cm^. 
He suggests that the effects were due to involvement of the neu¬ 
roendocrine and central nervous systems. 

3.4.5.5. Tumor suppression. Makar et al. (2005) showed that MMW 
irradiation at 42.2 GHz can up-regulate natural killer (NK) cell 
functions with short exposures. An increase in TNF-alpha was also 
identified. Logani et al. (2006) investigated inhibition of tumor growth 
transplants with short 30 min pretreatment with MMW. They found a 
reduction in tumor metastasis by MMWs mediated through activation 
of NK cells. Long term exposure was not investigated. 

3.4.5.6. Gene expression. Chen et al. (2008) found upregulation of some 
genes in human keratinocytes with MMW exposure at low power 
density (l.OmW/cm^ millimeter). 

Habauzit et al. (2014) looked at gene expression in keratinocytes 
with 60 GHz exposure at the upper limit of current guidelines and 
concluded, “In our experimental design, the high number of modified 
genes (665) shows that the ICNIRP current limit is probably too per¬ 
missive to prevent biological response.” 

3.4.5.7. Bacterial antibiotic resistance. Bulgakova et al. (1996) 
irradiated staphylococcus cultures with different frequencies of MMW 
with non-thermal intensities with short exposure periods (minutes). He 
found changes in bacterial sensitivities developed in 5 of 14 antibiotics 
used in sublethal concentrations with both suppression and stimulation 
of growth. 

Shcheglov et al. (2002) examined MMW on E. coli cells at various 
cell densities and frequencies. His work suggests that cell-to-cell com¬ 
munication may be involved in bacterial responses to weak EMF. 

Isakhanian and Trchunian (2005) irradiated water and buffer so¬ 
lution with low intensity MMW and found that the irradiated water had 
a bactericidal effect that disappeared after repeated exposure and the 
buffer solution increased growth of bacteria. They concluded this was 
due to membranotrophic effects. Repeated irradiation reversed the 
bactericidal effects indicating that a compensatory mechanism was in¬ 
volved. 

Torgomyan and Trchounian (2013) reviewed research on the me¬ 
chanisms of bactericidal and antibiotic resistance after exposure to low 
intensity MMW. They suggest that alterations in water structure, cell 
membrane or the genome leading to changes in metabolic pathways 
could account for these effects. The importance of this research is em¬ 
phasized in light of ongoing concerns about bacterial resistance to an¬ 
tibiotics. 

Soghomonyan et al. (2016) found that MMW affected growth and 
antibiotic sensitivity of E. coli and many other bacteria via non-thermal 
mechanisms. This may lead to antibiotic resistance. 


3.5. Data gaps need to be closed before launching 5G millimeter devices 

5G technology with its diverse blend of frequencies and densely 
packed cell antenna network will substantially increase exposure to 
electromagnetic radiation. Significant data gaps exist for research into 
both MMW and mixed frequencies for biological effects, long term ex¬ 
posure and vulnerable populations (children, pregnant women, 
chronically ill). Considering current peer reviewed science, predictable 
harm to life forms within the mixed frequency mesh networks with 
negative consequences appears likely over time. For electrosensitive 
individuals, it will add to their physical symptoms and isolation, with 
significant reduction in non-exposed safe havens. There is an urgent 
need for independent studies to guide development of effective public 
health standards and policies. 

3.6. Technology addiction: overuse and over-connection 

Overuse of technology and mental health is another related but no 
less important issue. Physicians, social scientists and educators are 
concerned with the over-connection to technology, especially in chil¬ 
dren and adolescents. Psychiatrists have reported an increase in tech¬ 
nology addiction, cyberbullying, depression, insomnia, loss of empathy 
and impaired social-emotional learning in their young patients. Internet 
game disorder has been found to have psychological and neural effects 
similar to other types of impulse control disorders and addictions which 
are both substance and non-substance-related (Chi et al., 2016; Kiraly 
et al., 2017; Meng et al., 2015; Sanchez-Carbonell et al., 2008; 
Tamura,Tamura et al., 2017; Feng et al., 2017) Lack of outdoor play 
and psychological well-being for young children is also of growing 
concern (Xu et al., 2016). We should begin to question the supposed 
benefits versus the true risks of a hyper-connected society. 

3.7. What is public health? 

There are many definitions of public health but one succinct defi¬ 
nition is, “Public health is what we, as a society, do collectively to as¬ 
sure the conditions for people to be healthy.” (Upshur, 2015). Public 
health involves the science and art of preventing and controlling dis¬ 
ease, promoting health, monitoring populations for health assessments, 
identifying causes, identifying effective interventions and assuring 
equity in populations and communities (APHA, 2017; CDCCDC, 2017). 

Public health involves an ever widening range of topics. John R. 
Goldsmith, MD, MPH, a pioneer in public health, wrote a seminal ar¬ 
ticle in 1997 called “From Sanitation to Cellphones: Participants and 
Principles Involved in Environmental Health Protection” (Goldsmith, 
1997a, 1997b). This work details the history of public health over his 
decades working in this field. He describes four phases of public health 
issues: sanitation (prior to 1914), industrialization (1915-1950), 
emissions constraints (1951-1995) and then globalization (1996 on). 
He notes three common principles of public health which apply through 
all those phases, 1) The need for regulation by government 2) Need for 
a market by which protection of environmental health is economically 
attractive compared to alternatives and 3) Social acceptability, with 
cultural norms endorsing protective versus risk generating behavior. 

3.7.1. Wireless technologies: a question of public health 

A growing number of scientists have articulated the need to re¬ 
cognize that the increase in wireless technologies is a serious emerging 
and neglected public health threat. (Blank et al., 2015; Goldsmith, 
1997a, 1997b; Sage and Carpenter, 2012). In a recent poll, public 
health scientists were asked what they consider to be emerging public 
health issues (Bernier, 2017). Responses included issues such as racism, 
bullying, gun violence, gang violence, adult obesity and climate change. 
They were also asked what defines a public health issue. The open 
forum identified the following criteria. 


490 


C.L. Russell 


Environmental Research 165 (2018) 484-495 


1. The health impacts are preventable and modifiable. 

2. There is a high prevalence of a risk factor. 

3. There is an increase in incidence and prevalence. 

4. There is an economic impact. 

5. There is disability, morbidity and mortality. 

6. It can affect a large population. 

7. A collaborative effort is needed to solve it. 

8. The problem can be recognized unencumbered by lack of funding, 

cultural norms, or politics. 

For wireless technology to be considered a public health issue in this 
regard there would need to be broad recognition and consensus that 
wireless technology could cause or contribute to diseases such as brain 
cancer, neurodegeneration, developmental defects, infertility, electro¬ 
sensitivity and addiction. The cost and burden could then be calculated. 
Wireless technology could fulfill the other criteria in that there is an 
unprecedented high prevalence in the use of wireless devices, it can 
affect the population as a whole, and will require collaborative action to 
solve. The biggest obstacles appear to be of a cultural, economic and 
political nature along with a noted lack of funding in the U.S. for in¬ 
dependent scientific research on health effects of RF EMR that is free of 
industry influence or bias. As with tobacco, the science was denied and 
doubt created until overwhelming research and evidence of harm 
decades later shifted the debate and protective regulations followed. 
Chemical companies followed tobacco with similar methods to dismiss 
and manipulate science that was not in their favor (Michaels, 2008). 

4. Conclusion 

Although 5G technology may have many unimagined uses and 
benefits, it is also increasingly clear that significant negative con¬ 
sequences to human health and ecosystems could occur if it is widely 
adopted. Current radiofrequncy radiation wavelengths we are exposed 
to appear to act as a toxin to biological systems. A moratorium on the 
deployment of 5G is warranted, along with development of in¬ 
dependent health and environmental advisory boards that include in¬ 
dependent scientists who research biological effects and exposure levels 
of radiofrequency radiation. Sound regulatory policy regarding current 
and future telecommunications initiative will require more careful as¬ 
sessment of risks to human health, environmental health, public safety, 
privacy, security and social consequences. Public health regulations 
need to be updated to match appropriate independent science with the 
adoption of biologically based exposure standards prior to further de¬ 
ployment of 4G or 5G technology. 

Considering the current science, lack of relevant exposure standards 
based on known biological effects and data gaps in research, we need to 
reduce our exposure to RF EMR where ever technically feasible. Laws or 
policies which restrict the full integrity of science and the scientific 
community with regards to health and environmental effects of wireless 
technologies or other toxic exposures should be changed to enable 
unbiased, objective and precautionary science to drive necessary public 
policies and regulation. Climate change, fracking, toxic emissions and 
microwave radiation from wireless devices all have something in 
common with smoking. There is much denial and confusion about 
health and environmental risks, along with industry insistence for ab¬ 
solute proof before regulatory action occurs (Frentzel-Beyme, 1994; 
MichaelsMichaels, 2008). There are many lessons we have not learned 
with the introduction of novel substances, which later became pre¬ 
carious environmental pollutants by not heeding warning signs from 
scientists (Gee, 2009). The threats of these common pollutants continue 
to weigh heavily on the health and wellbeing of our nation. We now 
accept them as the price of progress. If we do not take precautions but 
wait for unquestioned proof of harm will it be too late at that point for 
some or all of us? 


Acknowledgements 

I wish to thank David Smernoff, Ph.D. and Joel Moskowitz, Ph.D. for 
their help with editing and proof reading this article. 

References 

5G Americas, 2017. All Latin American Countries Fail to Reach ITU Spectrum 

Recommendations. (21 June 2017). <http://www.5gamericas.org/en/newsroom/ 

press-releases/all-latin-american-countries-fail-reach-itu-spectrum- 

recommendations/>. 

5G Vision. 5G infrastructure Association. <https;//5g-ppp.eu/wp-content/uploads/2015/ 
02/5G-Vision-Brochure-vl.pdf>. 

Abdollahi, M., Ranjbar, A., Shadnia, S., Nikfar, S., Rezaie, A., 2004. Pesticides and oxi¬ 
dative stress; a review. Sci. Monit. 10 (6), RA141-RA147. <https://www.ncbi.nlm. 
nih.gov/pubmed/15173684>. 

Abraham, A.G., Condon, N.G., Gower, E.W., 2006. The new epidemiology of cataract. 
Ophthalmol. Clin. North Am. 19, 415-425. <https://www.researchgate.net/ 
publication/6728154_The_New_Epidemiology_of_Cataract#pf9>. 

ADA, 2014. Americans with Disability. United States Access Board. lEQ Indoor 

Environmental Quality Project, https://www.access-board.gov/research/completed- 
research/indoor-environmental-quality/introduction. 

Adams, J.A., Galloway, T.S., Mondal, D., Esteves, S.C., Mathews, F., 2014. Effect of 
mobile telephones on sperm quality: a systematic review and meta-analysis. Environ. 
Int. 70, 106-112. <http://www.ncbi.nlm.nih.gov/pubmed/24927498>. 

Agarwal, A., Deepinder, F., Sharma, R.K., Ranga, G., Li, J., 2008. Effect of cell phone 
usage on semen analysis in men attending infertility clinic: an observational study. 
Fertil. Steril. 2008 (Jan), 89. <http;//www.ncbi.nlm.nih.gov/pubmed/17482179->. 

Agarwal, A., Singh, A., Hamada, A., Kesari, K., 2011. Cell phones and male infertility: a 
review of recent innovations in technology and consequences. Int. Braz. J. Urol. 37 
(4), 432-454. <http://www.ncbi.nlm.nih.gov/pubmed/21888695>. 

Alfadda, Assim A., Sallam, Reem M., 2012. Review article: reactive oxygen species in 
health and disease. J. Biomed. Biotechnol. 2012 (2012). http://dx.doi.org/10.1155/ 
2012/936486. <https;//www.hindawi.com/journals/bmri/2012/936486/>. 

Al-Quzwini, O.F., Al-Taee, H.A., Al-Shaikh, S.F., 2016. Male fertility and its association 
with occupational and mobile phone towers hazards: an analytic study. Middle East 
Fertil. Soc. J. 21 (4), 236-240. <http://www.sciencedirect.com/science/article/pii/ 
S1110569016300127>. 

American Public Health Association, 2017. What is Public Health? <https://www.apha. 
org/what-is-public-health>. 

Banik, S., 2003. Bioeffects of microwave—a brief review. Bioresour. Technol. 87, 
155-159. <https://www.researchgate.net/profile/Dr_Shyamal_Banik/publication/ 
10745209_Bioeffects_of_microwave_-A_brief_review/links/ 
543f95d80cf27832ae8b8e41 .pdf>. 

Belpomme, D., Campagnac, C., Irigaray, P., 2015. Reliable disease biomarkers char¬ 
acterizing and identifying electrohypersensitivity and multiple chemical sensitivity as 
two etiopathogenic aspects of a unique pathological disorder. Rev. Environ. Health 
30 (4), 251-271. http://dx.doi.org/10.1515/reveh-2015-0027. <https://www.ncbi. 
nlm.nih.gov/pubmed/26613326>. 

Belyaev, I.Y., Shcheglov, V.S., Alipov, E.D., Ushakov, V.D., 2000. Nonthermal effects of 
extremely high-frequency microwaves on chromatin conformation in cells in vi¬ 
tro—dependence on physical, physiological, and genetic factors. IEEE Trans. Microw. 
Theory Tech. 48 (11), 2172-2179. <https://www.researchgate.net/publication/ 
299296102_Nonthermal_effects_of_extremely_high-frequency_microwaves_on_ 
chromatin_conformation_in_cells_in_vitro_-_Dependence_on_physical_physiological_ 
and_genetic_factors>. 

Belyaev, I.Ya, Okladnova, O.V., Izmailov, D.M., Sheglov, V.S., Obukhova, L.K., 1990. 
Differential sensitivity of developmental stages to low-level electromagnetic radiation 
of extremely ultrahigh frequency. Dokl. Akad. Nauk SSSR [Ser. B Geol. Chim. Biol.] 
12, 68-70 (in Russian). 

Belyaev, Igor, 2005. Non-thermal biological effects of microwaves. Microw. Rev. 11, 
13-29. <http://www.tandfonline.eom/doi/abs/10.1080/15368370500381844? 
journalCode = iebm20>. 

Bernier, R.H., 2017. What constitutes a public health problem? Epimonitor (Accessed 
Sept 30, 2017). <http://epimonitor.net/List_of_Public_Health_Issues.htm>. 

Birks, L., Guxens, M., Papadopoulou, E., Alexander, J., BaUester, F., et al., 2017. Maternal 
cell phone use during pregnancy and child behavior problems in five birth cohorts. 
International Society for environmental epidemiology. Environ. Health Perspect. 
http://dx.doi.Org/10.1016/j.envint.2017.03.024. <https://www.ncbi.nlm.nih.gov/ 
pubmed/28392066>. 

Blank, M., Havas, M., Kelly, E., Lai, H., Moskowitz, J., 2015. International appeal: sci¬ 
entists call for protection from non-ionizing electromagnetic field exposure. Eur. J. 
Oncol. 20 (3-4). <http://mattiolil885journals.com/index.php/ 
Europeanjournalofoncology/article/view/4971>. 

Bormusov, E., Andley, U.P., Sharon, N., Schachter, L., Lahav, A., et al., 2008. Non-thermal 
electromagnetic radiation damage to lens epithelium. Open Ophthalmol. J. 2, 
102-106. <https://www.ncbi.nIm.nih.gOv/pmc/articles/PMC2694600/>. 

Bortkiewicz, A., Gadzicka, E., Szymezak, W., 2017. Mobile phone use and risk of in¬ 
tracranial tumors and salivary gland tumors - a meta-analysis. Int. J. Occup. Med. 
Environ. Health 30 (1), 27-43. http://dx.doi.org/10.13075/ijomeh.1896.00802. 
(21). <https://www.ncbi.nlm.nih.gOv/pubmed/28220905>. 

Bouayed, Jaouad, Bohn, Torsten, 2010. Exogenous antioxidants—double-edged swords in 
cellular redox state. Oxid. Med. Cell Longev. 3 (4), 228-237. http://dx.doi.org/10. 
4161/oxim.3.4.12858.. <https://www.ncbi.nlm.nih.gov/pmc/articles/ 


491 



C.L. Russell 


Environmental Research 165 (2018) 484-495 


PMC2952083/>. 

Bulgakova, V.G., Grushina, V.A., Orlova, T.I., Petrykina, Z.M., Polin, A.N., Noks, P.P., 
Kononenko, A.A., Rubin, A.B., 1996. Effect of millimeter-band radiation of non- 
thermal intensity on the sensitivity of staphylococcus to various antibiotics. Biofizika 
41, 1289-1293. (in Russian), <https://www.ncbi.nlm.nih.gov/pubmed/9044624>. 

Carlberg, M., Hardell, L., 2017. Evaluation of mobile phone and cordless phone use and 
glioma risk using the Bradford Hill viewpoints from 1965 on association or causation. 
Biomed. Res. Int. 2017 (2017), 9218486. http://dx.doi.org/10.1155/2017/9218486. 
<https://wv\rw.ncbi.nlm.nih.gov/pubmed/28401165>. 

Carpenter, R.L., Van Ummersen, C.A., 1968. The action of microwave radiation on the 
eye. J. Microw. Power 3 (1), 3-19. http://dx.doi.org/10.1080/00222739.1968. 
11688664. <http://www.tandfonline.eom/doi/abs/10.1080/00222739.1968. 
11688664>. 

CDC 2017. Chronic Disease Prevention and Health Promotion. CDC. June 2017. <https:// 
www.cdc.gov/chronicdisease/overview/index.htm>. 

CDC. Vision Health Initiative. 2015. <https://www.cdc.gov/visionhealth/basics/ced/ 
index.html>. 

Chavez-Santiago, R., Szydelko, M., Kliks, A., Foukalas, F., Haddad, Y., Nolan, K.E., Kelly, 
M.Y., Moshe, M.T., Balasingham, I., 2015. 5G: the convergence of wireless commu¬ 
nications. Wirel. Personal. Commun. 83, 1617-1642. http://dx.doi.org/10.1007/ 
si 1277-015-2467-2. <https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4821549/>. 

Chen, Q., Lu, D.Q., Jiang, H., Xu, Z.P., 2008. Effects of millimeter wave on gene ex¬ 
pression in human keratinocytes. Zhejiang Da Xue Xue Bao Yi Xue Ban. 37 (1), 23-28. 
<https://www.ncbi.nlm.nih.gov/pubmed/18275115>. 

Chemyakov, G.M., Korochkin, V.L., Babenko, A.P., Bigdai, E.V., 1989. Reactions of bio¬ 
logical systems of various complexity to the action of low- level EHF radiation. In: 
Devyatkov, N.D. (Ed.), Millimeter Waves in Medicine and Biology. Radioelectronica, 
Moscow, pp. 141-167 (in Russian). 

Chi, X., Lin, L., Zhang, P., 2016. Internet addiction among college students in china:china: 
prevalence and psychosocial correlates. Cyber. Behav. Soc. Netw. 19 (9), 567-573. 
http://dx.doi.org/10.1089/cyber.2016.0234. <https://www.ncbi.nlm.nih.gov/ 
pubmed/27635444>. 

Chiou, I.Y., 2005. Next generation broadband communications. IEEE Xplore. <http:// 
ieeexplore.ieee.org/document/1553748/>. 

Consales, C., 2012. Electromagnetic fields, oxidative stress, and neurodegeneration. Int. J. 
Cell Biol. 2012 (2012). http://dx.doi.org/10.1155/2012/683897. 

Cutz, A., 1989. Eff^ects of microwave radiation on the eye: the occupational health per¬ 
spective. Lens Eye Toxic. Res. 6 (1-2), 379-386. <http://europepmc.org/abstract/ 
med/2488031>. 

D’Andrea, J.A., Chalfin, S., 2000. Effects of microwave and millimeter wave radiation on 
the eye. In: Klauenberg, B.J., Miklavcic, D. (Eds.), Radio Frequency Radiation 
Dosimetry and Its Relationship to the Biological Effects of Electromagnetic Fields. 
NATO Science Series (Series 3: High Technology) 82 Springer, Dordrecht. http://dx. 
doi.org/10.1007/978-94-011 

Dasdag, S., Akdag, M.Z., Erdal, M.E., Erdal, N., Ay, O.L, Ay, M.E., Yilmaz, S.G., Tasdelen, 
B., Yegin, K., 2015a. Effects of 2.4 GHz radiofrequency radiation emitted from Wi-Fi 
equipment on microRNA expression in brain tissue. Int. J. Radiat. Biol. 91 (7), 
555-561. http://dx.doi.Org/10.3109/09553002.2015.1028599. 

Dasdag, S., Akdag, M.Z., Erdal, M.E., Erdal, N., Ay, O.L, Ay, M.E., Yilmaz, S.G., Tasdelen, 
B., Yegin, K., 2015b. Long term and excessive use of 900 MHz radiofrequency ra¬ 
diation alter microRNA expression in brain. Int. J. Radiat. Biol. 91 (4), 306-311. 
http://dx.doi.Org/10.3109/09553002.2015.997896. 

Desai, N.R., Kavindra, K., Kesari, K.K., Agarwal, A., 2009. Pathophysiology of cell phone 
radiation: oxidative stress and carcinogenesis with focus on the male reproductive 
system. Reprod. Biol. Endocrinol. 7, 114. http://dx.doi.org/10.1186/1477-7827-7- 
114. <https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2776019/>. 

Drean, Y.L., Mahamoud, Y.S., Page, Y.L., Habauzit, D., Le Quement, C., Zhadobov, M., 
Ronan Sauleau, R., 2013. State of knowledge on biological effects at 40-60 GHz. 
Comptes Rendus Phys. 14 (5), 402-411. http://dx.doi.Org/10.1016/j.crhy.2013.02. 
005. <http://www.sciencedirect.eom/science/article/pii/S1631070513000480>. 

Drechsel, D.A., Patel, M., 2008. Role of reactive oxygen species in the neurotoxicity of 
environmental agents implicated in Parkinson's disease. Free Radic. Biol. Med. 44, 
1873-1886. http://dx.doi.Org/10.1016/j.freeradbiomed.2008.02.008. <https:// 
www.ncbi.nlm.nih.gov/pubmed/18342017>. 

Eberle, S., 2014. What’s the diagnosis, doctor? Sonoma Med. Fall 2014, 27-32. <http:// 
www.nbcms.org/about-us/sonoma-county-medical-association/magazine/faIl-2014- 
medicine-and-politics-departments-personal-history-whats-the-diagnosis-doctor. 
aspx?pageid = 719&tabid = 747>. 

Eberle, S., 2017. An underworld journey: learning to cope with electromagnetic hy¬ 
persensitivity. Ecopsychology 9 (2), 106-111. http://dx.doi.org/10.1089/eco.2016. 
0036. <http://online.liebertpub.eom/doi/abs/10.1089/eco.2016.0036? 
joumalCode = eco>. 

Ellwein, L.B., Urato MA, C.J., 2002. Use of eye care and associated charges among the 
medicare population. 1991-1998. Arch. Ophthalmol. 120 ( 6 ), 804-811. http://dx. 
doi.org/10.1001/archopht. 120.6.804. <http://jamanetwork.com/joumals/ 
jamaophthalmology/fullarticle/271126>. 

Enin, L.D., Akoev, G.N., Potekhina, I.L., Oleiner, V.D., 1992. Effect of extremely high- 
frequency electromagnetic radiation on the function of skin sensory endings. Patol. 
Fiziol. Eksp. Ter. (5-6), 23-25. <https://www.ncbi.nlm.nih.gov/pubmed/?term = 
1302819>. 

EPA Letter, 2002. U.S. Environmental Protection Agency letter describing clarification of 
adequacy of Federal Communications Commission (FCC) radio frequency guidelines 
for non-thermal and long term health effects, <http://www.humboldtgov.org/ 
DocumentCenter/View/2858>. 

EPA, 1981. Index of Publications on Biologic Effects of Electromagnetic Radiation 

(0-100 GHz) 1981. Lists 3627 Studies to 1980. <https://nepis.epa.gov/Exe/ZyNET. 


exe/9101FEXP.TXT?ZyActionD = ZyDocument&Client = EPA&Index= 1981 -HThru 
-I-1985&DOCS = &Query = &Time = &EndTime = &SearchMethod = 1 &TocRestrict = 
n&Toc = &TocEntry = &QField = &QFieldYear = &QFieldMonth = &QFieldDay = & 
IntQFieldOp = O&ExtQFieldOp = O&XmlQuery = &File = D%3A%5Czyfiles%5CIndex 
%20Dat%5C81thru85%5CTxt%5C00000024%5C9101FEXP.txt&User = 
ANONYMOUS&Password = anonymous&SortMethod = h%7C-& 

MaximumDocuments = l&FuzzyDegree = O&ImageQuality = r75g8/r75g8/ 
xl 50y 150gl 6/i425&Display = hpfr&DefSeekPage = x&SearchBack = ZyActionL& 

Back = ZyActionS&BackDesc = Results%20page&MaximumPages = l&ZyEntry = 1& 
SeekPage = x&ZyPURL>. 

EPA, 1992. Electric and Magnetic Fields: An EPA perspective on research needs and 
priorities for improving health risk assessment. <https://nepis.epa.gov/Exe/ZyNET. 
exe/3000 lZN7.TXT?ZyActionD = ZyDocument&Client = EPA&Index =1991-1- Thru 
+1 994 &D 0 CS = &Query = &Time = &EndTime = &SearchMethod = 1 &TocRestrict = 
n&Toc = &TocEntry = &QField = &QFieldYear = &QFieldMonth = &QFieldDay = & 
IntQFieldOp = O&ExtQFieldOp = O&XmlQuery = &File = D%3A%5Czyfiles%5CIndex 
%20Dat%5C91thru94%5CTxt%5C00000001%5C30001ZN7.txt&User = 
ANONYMOUS&Password = anonymous&SortMethod = h%7C-& 

MaximumDocuments = l&FuzzyDegree = O&ImageQuality = r75g8/r75g8/ 
xl 50y 150gl 6/i425&Display = hpfr&DefSeekPage = x&SearchBack = ZyActionL& 

Back = ZyActionS&BackDesc = Results%20page&MaximumPages = l&ZyEntry = 1& 
SeekPage = x&ZyPURL>. 

EPA, 1993. US EPA Office of Air and Radiation and Office of Research and Development: 
Summary of Results of the April 26-27, 1993. Radiofrequency Radiation conference. 
Anaylsis of Panel Discussions. Volume 1. March 1995. <https://nepis.epa.gov/Exe/ 
ZyNET.exe/910006Z4. txt?ZyActionD = ZyDocument&Client = EPA&Index = 

1995%20Thru%201 999 &D 0 CS = &Query = &Time = &EndTime = &SearchMethod = 

1 &TocRestrict = n&Toc = &TocEntry = &QField = &QFieldYear = &QFieldMonth = & 
QFieldDay = &UseQField = &IntQFieldOp = O&ExtQFieldOp = O&XmlQuery = &File = 
D%3A%5CZYFILES%5CINDEX%20Dat 

%5C95THRU99%5CTXT%5C00000028%5C910006Z4.txt&User=ANONYMOUS& 
Password = anonymous&SortMethod = h%7C-&MaximumDocuments = 1& 
FuzzyDegree = O&ImageQuality = r75g8/r75g8/xl 50y 150gl 6/i425&Display = hpfr& 
DefSeekPage = x&SearchBack = ZyActionL&Back = ZyActionS&BackDesc = Results 
%20page&MaximumPages = l&ZyEntry = 11>. 

Esmekaya, M.A., Ozer, C., Seyhan, N., 2011. 900 MHz pulse-modulated radiofrequency 
radiation induces oxidative stress on heart, lung, testis and liver tissues. Gen. Physiol. 
Biophys. 30 (1), 84-89. http://dx.doi.org/10.4149/gpb_2011_01_84. <https://www. 
ncbi.nlm.nih.gov/pubmed/21460416>. 

FCC, 1997. Current guidelines - evaluating compliance with FCC Guidelines for human 
exposure to radiofrequency electromagnetic fields. OET Bull (65 Edition 97-01. 
August 1997). <http://citeseerx.ist.psu.edu/viewdoc/download?doi = 10.1.1.159. 
3824&rep = repl&type = pdf>. 

FCC Letter 5G Americas, 2016. FCC Filing 14-177 5G 

Americas. Posted 10/3/16. <https://wv\rw.fcc.gov/ecfs/filing/1093077796003/ 
document/1093077796003462f>. 

FCC, 1996. Telecommunications Act of 1996. <https://www.fcc.gov/general/ 
telecommunications-act-1996>. 

FCC, 2013. Radio Frequency Safety, <https://www.fcc.gov/general/radio-frequency- 
safety- 0 >. 

FCC, 2015. RF Safety FAQ. Updated November 25, 2015. <https://www.fcc.gov/ 
engineering-technology/electromagnetic-compatibility-division/radio-frequency- 
safety/faq/rf-safety#Q24>. 

Feldman, Y., Puzenko, A., Ben Ishai, P., Caduff, A., Agranat, A.J., 2008. Human skin as 
arrays of helical antennas in the millimeter and submiUimeter wave range. Phys. Rev. 
Lett. 100 (12), 128102. http://dx.doi.org/10.1103/PhysRevLett.100.128102. 
<https://www.ncbi.nlm.nih.gov/pubmed/18517913>. 

Feldman, Y., Puzenko, A., Ben Ishai, P., Caduff, A., Davidovich, L, Sakran, F., Agranat, 
A.J., 2009. The electromagnetic response of human skin in the millimetre and sub¬ 
millimetre wave range. Phys. Med. Biol. 54 (11), 3341-3363. http://dx.doi.org/10. 
1088/0031-9155/54/11/005. <https://www.ncbi.nlm.nih.gov/pubmed/ 
19430110>. 

Feng, W., Ramo, D.E., Chan, S.R., James, A., Bourgeois, J.A., 2017. Internet gaming 
disorder: trends in prevalence 1998-2016. Addict. Behav. 75, 17-24. http://dx.doi. 
org/10.1016/j.addbeh.2017.06.010. <http://wv\rw.sciencedirect.com/science/ 
article/pii/S0306460317302320>. 

Foster, M.R., Ferri, E.S., Hagan, G.J., 1986. Dosimetric study of microwave catar- 

actogenesis. Bioelectromagnetics 7 (2), 129-140. <https://www.ncbi.nlm.nih.gov/ 
pubmed/3741488>. 

Frentzel-Beyme, R., 1994. John R. Goldsmith on the usefulness of epidemiological data to 
identify links between point sources of radiation and disease. Public Health Rev. 22 
(3-4), 305-320. <https://www.ncbi.nlm.nih.gov/pubmed/7708942>. 

Frey, A.H., 1985. Data analysis reveals significant microwave-induced eye damage in 
humans. J. Microw. Power Electromagn. Energy 20 (1), 53-55. <https://www.ncbi. 
nlm.nih.gov/pubmed/3847507>. 

Gandhi, O.P., Riazi, A., 1986. Absorption of millimeter waves by human beings and its 
biological implications. IEEE Trans. Microw. Theory Tech. MTT 34 (2), 228-235. 
<http://ieeexplore.ieee.org/document/1133316/>. 

Gapeev, A.B., Lushnikov, K.V., Shumilina, lu.V., Sirota, N.P., Sadovnikov, V.B., Chemeris, 
N.K., 2003. Effects of low-intensity extremely high frequency electromagnetic ra¬ 
diation on chromatin structure of lymphoid cells in vivo and in vitro. Radiats Biol. 
Radioecol. (1), 87-92. <https://www.ncbi.nlm.nih.gov/pubmed/12677665>. 

Gee, D., 2009. Late lessons from early warnings: towards realism and precaution with 
EMF? Pathophysiology 16 (2-3), 217-231. http://dx.doi. 0 rg/lO.lOl 6 /j.pathophys. 
2009.01.004. <https://www.ncbi.nlm.nih.gov/labs/articles/19467848/>. 

Goldsmith, J.R., 1997. Epidemiologic evidence relevant to radar(microwave)effects. 


492 


C.L. Russell 


Environmental Research 165 (2018) 484-495 


Environ. Health Perspect. 105 (Suppl 6), 1579-1587. <http://www.ncbi.nlm.nih. 
gov/pmc/articles/PMC1469943/>. 

Goldsmith, J.R., 1997. From sanitation to cell phones; participants and principles in¬ 
volved in environmental health protection. Public Health Rev. 25, 123-149. 

Goleniewski, L., 2001. Telecommunications Technology Fundamentals. 

Telecommunications Essentials: The Complete Global Source for Communications 
Fundamentals, Data Networking and the Internet, and Next-Generation Networks. 
Informit. <http://www.informit.com/articles/article.aspx?P = 24687&seqNum = 4>. 

GoUogly, H.E., Hodge MS, D.O., St. Sauver, J.L., Erie, J.C., 2013. Increasing incidence of 
cataract surgery: population-based study. J. Cataract Refract. Surg. 39 (9), 
1383-1389. http://dx.doi.Org/10.1016/j.jcrs.2013.03.027. <https://www.ncbi.nlm. 
nih.gov/pmc/articles/PMC4539250/>. 

Gorlach, A., Dimova, E.Y., Petry, A., Martinez-Ruiz, A., Hernansanz-Agustin, P., Rolo, 
A.P., et al., 2015. Reactive oxygen species, nutrition, hypoxia and diseases: problems 
solved? Redox Biol. 6, 372-385. http://dx.doi.Org/10.1016/j.redox.2015.08.016. 
<https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4565025/>. 

Greenemeier, L., 2015. Will millimeter waves maximize 5G Wireless? Sci. Am. <https:// 
www.scientificamerican.com/article/will-millimeter-waves-maximize-5g-wireless/>. 

Grigoriev, Y.G., Mikhailov, V.F., Ivanov, A.A., Maltsev, V.N., Ulanova, A.M., Stavrakoval, 
N.M., Nikolaeva, A., Grigoriev, O.A., 2010. Autoimmune processes after long-term 
low-level exposure to electromagnetic fields part 4. oxidative intracellular stress re¬ 
sponse to the long-term rat exposure to nonthermal RF EMF. Biophysics 55, 
1054-1058. <https://link.springer.eom/article/10.1134/S0006350910060308>. 

Gross, M.L., 2010. Medicalized weapons & modem war. Hastings Cent. Rep. 40 (1), 
34-43. <https://www.ncbi.nlm.nih.gov/pubmed/?term = 20166514>. 

Habauzit, D., Quement, C.L., Zhadobov, M., Martin, C., Aubry, M., Sauleau, R., Drean, 
Y.L., 2014. Transcriptome analysis reveals the contribution of thermal and the spe¬ 
cific effects in cellular response to millimeter wave exposure. PLoS One. http://dx. 
doi.org/10.1371/joumal.pone.0109435. <http://joumals.plos.org/plosone/article? 
id=10.1371/joumal.pone.0109435>. 

Harden, L., Carlberg, M., Soderqvist, F., Mild, K.H., 2013a. Pooled analysis of case-control 
studies on acoustic neuroma diagnosed 1997-2003 and 2007-2009 and use of mobile 
and cordless phones. Int. J. Oncol. 43 (4), 1036-1044. http://dx.doi.org/10.3892/ 
ijo.2013.2025. <https://www.ncbi.nlm.nih.gov/pubmed/?term = 23877578>. 

Harden, L., Carlberg, M., Soderqvist, F., Mild, K.H., 2013b. Case-control study of the 
association between malignant brain tumours diagnosed between 2007 and 2009 and 
mobile and cordless phone use. Int. J. Oncol. 43 (6), 1833-1845. http://dx.doi.org/ 
10.3892/ijo.2013.2111. <https://www.ncbi.nlm.nih.gov/pubmed/24064953>. 

Harden, Lennart, 2017. World health organization, radiofrequency radiation and health - 
a hard nut to crack (review). Int. J. Oncol (Published onhne 21 June 21 2017). 
<https://www.spandidos-publications.eom/10.3892/ijo.2017.4046>. 

Hassanshahi, A., Shafeie, S.A., Fatemi, I., Hassanshahi, E., Allahtavakoli, M., Shabani, M., 
Roohbakhsh, A., Shamsizadeh, A., 2017. The effect of Wi-Fi electromagnetic waves in 
unimodal and multimodal object recognition tasks in male rats. Neurol. Sci. 38 (6), 
1069-1076. http://dx.doi.Org/10.1007/sl0072-017-2920-y. <https://www.ncbi. 
nlm.nih.gov/pubmed/28332042>. 

Hayut, I., Ben Ishai, P., Agranat, A.J., Feldman, Y., 2014. Circular polarization induced by 
the three-dimensional chiral structure of human sweat ducts. Phys. Rev. E Stat. 
Nonlin. Soft Matter Phys. 89 (4), 042715. http://dx.doi.org/10.1103/PhysRevE.89. 
042715. <https://www.ncbi.nlm.nih.gov/pubmed/24827286>. 

Hedendahl, L., Carlberg, M., Hardell, L., 2015. Electromagnetic hjq)ersensitivity - an 
increasing challenge to the medical profession. Rev. Environ. Health 30 (4), 209-215. 
http://dx.doi.org/10.1515/reveh-2015-0012. (1). <http://www.ncbi.nlm.nih.gov/ 
pubmed/26372109>. 

Hojo, S., Tokiya, M., Mizuki, M., Miyata, M., Kanatani, K.T., 2016. Development and 
evaluation of an electromagnetic hypersensitivity questionnaire for Japanese people. 
Bioelectromagnetics 37 (6), 353-372. http://dx.doi.org/10.1002/bem.21987. 
<https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5094565/>. 

Huss, A., Egger, M., Hug, K., Huwiler-Miintener, K., Roosli, M., 2007. Source of funding 
and results of studies of health effects of mobile phone use: systematic review of 
experimental studies. Environ. Health Perspect. 115 (1), 14. <https://www.ncbi.nlm. 
nih.gov/pmc/articles/PMC1797826/>. 

lARC, 2017. lARC Monographs on the Evaluation of Carcinogenic Risks to Humans. 
Update June 28, 2017. <http://monographs.iarc.fr/ENG/Classification/>. 

ICNIRP, 2009. International Commission on Non-Ionizing Radiation Protection: icnirp 
statement on the 'Guidelines for limiting exposure to time-varying electric, magnetic, 
and electromagnetic fields (up to 300 GHz)'. Health Phys. 97, 257-258. <https:// 
www.ncbi.nlm.nih.gov/pubmed/19667809>. 

International Agency for Research on Cancer, 2011. lARC Classifies Radiofrequency 
Electromagnetic Fields as Possibly Carcinogenic to Humans, <http://www.iarc.fr/en/ 
media-centre/pr/2011/pdfs/pr208_E.pdf>. 

Isaac, M., Chiu,l,2,3 Christian, A., von Hehn,l,2,3, Woolf, Clifford J., 2012. Neurogenic 
inflammation - the peripheral nervous system’s role in host defense and im- 
munopathology. Nat. Neurosci. 15 (8), 1063-1067. http://dx.doi.org/10.1038/nn. 
3144. <https://www.ncbi.nlm.nih.gOv/pmc/articles/PMC3520068/>. 

Isakhanian, V., Trehunian, A., 2005. [Indirect and repeated electromagnetic irradiation of 
extremely high frequency of bacteria Escherichia coli]. Biofizika 50 (4), 689-692. 
<https://www.ncbi.nlm.nih.gov/pubmed/16212062>. 

Jacobfeuerbom, B., 2015. NGMN Alliance White Paper. 2015. A Deliverable by the 
NGMN Alliance. <https://www.ngmn.org/uploads/media/NGMN_5G_White_Paper_ 
Vl_0.pdf>. 

Kesari, K.K., Kumar, S., Behari, J., 2011. 900-MHz microwave radiation promotes oxi¬ 
dation in rat brain. Electromagn. Biol. Med. 30 (4), 219-234. <https://www.ncbi. 
nlm.nih.gov/pubmed/22047460>. 

Kesari, K.K., Kumar, S., Behari, J., 2012a. Pathophysiology of microwave radiation: effect 
on rat brain. Appl. Biochem. Biotechnol. 166 (2), 379-388. <https://www.ncbi.nlm. 


nih.gov/pubmed/22134878>. 

Kesari, K.K., Kumar, S., Behari, J., 2012b. Pathophysiology of microwave radiation: effect 
on rat brain. Appl. Biochem. Biotechnol. 166 (2), 379-388. http://dx.doi.org/10. 
1007/sl2010-011-9433-6. <https://www.ncbi.nlm.nih.gov/pubmed/22134878>. 

Kim, J.H., Yu, D.H., Huh, Y.H., Lee, E.H., Kim, H.G., Kim, H.R., 2017. Long-term exposure 
to 835 MHz RF-EMF induces hyperactivity, autophagy and demyelination in the 
cortical neurons of mice. Sci. Rep. 20 (7), 41129. http://dx.doi.org/10.1038/ 
srep41129. <https://www.nature.com/articles/srep41129>. 

Kiraly, O., Griffiths, M.D., King, D.L., Lee, H.K., Lee, S.Y., Banyai, F., Zsila, A., Takacs, 
Z.K., Demetrovics, Z., 2017. Policy responses to problematic video game use: a sys¬ 
tematic review of current measures and future possibilities. J. Behav. Addict. 1, 1-15. 
http://dx.doi.Org/10.1556/2006.6.2017.050. <https;//www.ncbi.nlm.nih.gov/ 
pubmed/28859487>. 

Kolomytseva, M.P., Gapeev, A.B., Sadovnikov, V.B., Chemeris, N.K., 2002. Suppression of 
nonspecific resistance of the body under the effect of extremely high frequency 
electromagnetic radiation of low intensity. Biofizika 47 (1), 71-77. <https://www. 
ncbi.nlm.nih.gov/pubmed/11855293>. 

Kues, H.A., Monhan, J.C., 1992. Microwave-induced changes to the primate eye. Johns. 
Hopkins APL Tech. Dig. 13 (1) (1992, PDF Needed), <http://www.jhuapl.edu/ 
techdigest/views/pdfs/V13_Nl_1992/V13_Nl_1992_Kues.pdf>. 

La Vignera, S., Condorelli, R.A., Vicari, E., D'Agata, R., Calogero, A.E., 2012. Effects of the 
exposure to mobile phones on male reproduction: a review of the literature. J. 
Androl. 33 (3), 350-356. <http://www.ncbi.nlm.nih.gov/pubmed/21799142>. 

LeVine, S., 2009. The Active Denial System: A Revolutionary, Non-lethal Weapon for 
Today’s Battlefield. Center for Technology and National Security Policy National 
Defense University. National Defense University Press, <http://ndupress.ndu.edu/ 
Media/News/Article/1229000/dtp-065-the-active-denial-system-a-revolutionary- 
non-lethal-weapon-for-todays-b/>. 

Levine, H., Jorgensen, N., Martino-Andrade, A., Mendiola, J., Weksler-Derri, D., Mindlis, 
L, Pinotti, R., Swan, S.H., 2017. Temporal trends in sperm count: a systematic review 
and meta-regression analysis. 25 July 2017. <https://academic.oup.com/humupd/ 
article/doi/10.1093/humupd/dmx022/4035689/Temporal-trends-in-sperm-count- 
a-systematic-review>. 

Levitt, B., Lai, H., 2010. Environmental Reviews. 18, 369-395. http://www. 
nrcresearchpress. com/do i/abs/10.1139/Al 0-018#citartl. 

Lipman, R.M., Tripathi, B.J., Tripathi, R.C., 1988. Cataracts induced by microwave and 
ionizing radiation. Ophthalmol 33 (3), 200-210. <https;//www.ncbi.nlm.nih.gov/ 
pubmed/3068822>. 

Liu, K., Li, Y., Zhang, G., Liu, J., Cao, J., Ao, L., Zhang, S., 2014. Association between 
mobile phone use and semen quality: a systemic review and meta-analysis. Andrology 
2 (4), 491-501. <https://www.ncbi.nlm.nih.gOv/pubmed/24700791>. 

Logani, M.K., Szabo, L, Makar, V., Bhanushali, A., Alekseev, S., Ziskin, M.C., 2006. Effect 
of millimeter wave irradiation on tumor metastasis. Bioelectromagnetics 27 (4), 
258-264. http://dx.doi.Org/10.1002/bem.20208. <https;//www.ncbi.nlm.nih.gov/ 
pubmed/16437545>. 

Lushnikov, K.V., Gapeedv, A.V., Shumilina, lu.V., Shibaev, N.V., Sadovnikov, V.B., 

Chmeris, N.K., 2003. Decrease in the intensity of the cellular immune response and 
nonspecific inflammation upon exposure to extremely high frequency electro¬ 
magnetic radiation. Biofizika 48 (5), 918-925. <https://www.ncbi.nlm.nih.gov/ 
pubmed/14582420>. 

Madjar, H.M., 2016. Human radio frequency exposure limits: An update of reference 
levels in Europe, USA, Canada, China, Japan and Korea. Sept 2016. In: Proceedings of 
Electromagnetic Compatibility - EMC EUROPE, 2016 International Symposium. IEEE. 
http://ieeexplore.ieee.org/document/7739164/?Reload = true or <https://www. 
researchgate.net/publication/303055416_Human_Radio_Frequency_Exposure_Limits_ 
an_update_of_reference_levels_in_Europe_USA_Canada_China_Japan_and_Korea>. 

Mahamoud, Y.S., Aite, M., Martin, C., Zhadobov, M., Sauleau, R., Le Drean, Y., Habauzit, 
D., 2016. Additive effects of millimeter waves and 2-deoxyglucose co-exposure on the 
human keratinocyte transcriptome. PLoS. One 11 (8). http;//dx.doi.org/10.1371/ 
journal.pone.0160810. <https://www.ncbi.nlm.nih.gov/pubmed/27529420>. 

Makar, V.R., Logani, M.K., Bhanushali, A., Kataoka, M., Ziskin, M.C., 2005. Effect of 
millimeter waves on natural killer cell activation. Bioelectromagnetics 26 (1), 10-19. 
http://dx.doi.Org/10.1002/bem.20046. <https://www.ncbi.nlm.nih.gov/pubmed/ 
15605409>. 

Meng, Y., Deng, W., Wang, H., Guo, W., Li, T., 2015. The prefrontal dysfunction in in¬ 
dividuals with Internet gaming disorder: a meta-analysis of functional magnetic re¬ 
sonance imaging studies. Addict. Biol. 20 (4), 799-808. http://dx.doi.org/10.llll/ 
adb. 12154. <https://www.ncbi.nlm.nih.gov/pubmed/24889021>. 

Menzel, W., Moebius, A., 2012. Antenna concepts for millimeter-wave automotive radar 
sensors. Proc. IEEE 100 (7). <http://ieeexplore.ieee.org/document/6165323/>. 

Michaels, David, 2008. Doubt is Their Product. How Industries Assault on Science 
Threatens Your Health. Oxford University Press. 

Millenbaugh, N.J., Kiel, J.L., Ryan, K.L., Blystone, R.V., Kalns, J.E., Brott, B.J., Cema, 
C.Z., Lawrence, W.S., Soza, L.L., Mason, P.A., 2006. Comparison of blood pressure 
and thermal responses in rats exposed to millimeter wave energy or environmental 
heat. Shock 25 (6), 625-632. http://dx.doi.Org/10.1097/01.shk.0000209550.11087. 
fd. <https://www.ncbi.nlm.nih.gov/pubmed/16721271>. 

Morgan, L.L., 2009. Estimating the risk of brain tumors from cellphone use: published 
case- control studies. Pathophysiology 16 (2-3), 137-147. <http://www.ncbi.nlm. 
nih.gov/pubmed/19356911>. 

Morgan, L.L., Kesari, S., Davis, D.L., 2014. Why children absorb more microwave radia¬ 
tion than adults: the consequences. J. Microsc. Ultrastruct. 2 (4), 197-204. http://dx. 
doi.org/10.1016/j.jmau.2014.06.005. <http://www.sciencedirect.com/science/ 
article/pii/S2213879X14000583>. 

Morgan, L.L., Miller, A.B., Sasco, A., Davis, D.L., 2015. Mobile phone radiation causes 
brain tumors and should be classified as aprobable human carcinogen. Int. J. Oncol. 


493 


C.L. Russell 


Environmental Research 165 (2018) 484-495 


46 (5), 1865-1871. http://dx.doi.org/10.3892/ijo.2015.2908. <https://www.ncbi. 
nlm.nih.gov/pubmed/25738972>. 

Moss, C.E., 1997. Report of electromagnetic radiation surveys of video display terminals. 
NIOSH. CDC. <https://www.cdc.gOv/niosh/nioshtic-2/00081009.html>. 

Myung, S.K., Ju, W., McDonnell, D.D., Lee, Y.J., Kazinets, G., Cheng, C.T., Moskowitz, 
J.M., 2009. Mobile phone use and risk of tumors: a meta-analysis (2009) mobile 
phone use and risk of tumors: a meta-analysis. J. Clin. Oncol. 20 (33), 5565-5572. 
(Nov 20, 2009.)(Published online first Oct 13, 2009.). <http://ascopubs.org/doi/ 
full/10.1200/Jco.2008.21.6366>. 

NASA Report - Electromagnetic Field Interactions with the Human Body: Observed Effects 
and Theories. April 1981. Jeremy Raines, PhD. <https://ntrs.nasa.gov/archive/nasa/ 
casi.ntrs.nasa.gov/19810017132.pdf>. 

National Research Council (US) Panel, 1983. Video Displays, Work, and Vision. National 
Research Council (US) Panel on Impact of Video Viewing on Vision of Workers; 
National Research Council (US) Committee on Vision. National Academy of Press. 
<https://www.ncbi.nlm.nih.gov/books/NBK216487/>. 

Nelson, D.A., Nelson, M.T., Walters, T.J., Mason, P.A., 2000. Skin heating effects of 
millimeter- wave irradiation-thermal modeling results. IEEE Trans. Microw. Theory 
Tech. 48, 2111-2120. <http://ieeexplore.ieee.org/document/884202/>. 

Ney, M., Abdulhalim, I., 2011. Modeling of reflectometric and ellipsometric spectra from 
the skin in the terahertz and submillimeter waves region. J. Biomed. Opt. 16 (6), 
067006. http://dx.doi.Org/10.1117/l.3592779. <https://www.ncbi.nlm.nih.gov/ 
pubmed/21721827>. 

NIH NEH, 2010. National Eye Institute. National Institutes of Health. Prevalence of 
Cataracts 2010. <https://nei.nih.gov/eyedata/cataract/tables>. 

Nordrum, A., 2017. Everything you need to know About 5G. lEEEE. <https://spectrum. 
ieee.org/video/telecom/wireless/everything-you-need-to-know-about-5g>. 

Othman, H., Ammari, M., Sakly, M., Abdelmelek, H., 2017a. Effects of prenatal exposure 
to WIFI signal (2.45GHz) on postnatal development and and behavior in rat: influ¬ 
ence of maternal restraint. Behav. Brain Res. 326, 291-302. http://dx.doi.org/10. 
1016/j.bbr.2017.03.011. <https://www.ncbi.nlm.nih.gov/pubmed/28288806>. 

Othman, H., Ammari, M., Rtibi, K., Bensaid, N., Sakly, M., Abdelmelek, H., 2017b. 
Postnatal development and behavior effects of in-utero exposure of rats to radio¬ 
frequency waves emitted from conventional WiFi devices. Environ. Toxicol. 
Pharmacol. 52, 239-247. http://dx.doi.Org/10.1016/J.etap.2017.04.016. <https:// 
www.ncbi.nlm.nih.gov/pubmed/28458069>. 

Pakhomov, A.G., Akyel, Y., Pakhomova, O.N., Stuck, B.E., Michael, R., Murphy, M.R., 
1998. Current state and implications of research on biological effects of millimeter 
waves: a review of the literature. Bioelectromagnetics 19, 393-413. <https://www. 
ncbi.nlm.nih.gov/pubmed/9771583>. 

Potekhina, I.L., Akoyev, G.N., Yenin, L.D., Oleyner, V.D., 1992. Effects of low-intensity 
electromagnetic radiation in the millimeter range on the cardio-vascular system of 
the white rat. Fiziol. Zh. [Former. Fiziol. Zh. SSSR] 78, 35-41. (in Russian). <https:// 
www.ncbi.nlm.nih.gov/pubmed/1330714>. 

Prasad, M., Kathuria, P., Nair, P., Kumar, A., Prasad, K., 2017. Mobile phone use and risk 
of brain tumours: a systematic review of association between study quality, source of 
funding, and research outcomes. Neurol. Sci. 38 (5), 797-810. <https://www.ncbi. 
nlm.nih.gov/pubmed/28213724>. 

Prost, M., Olchowik, G., Hautz, W., Gaweda, R., 1994. Experimental studies on the in¬ 
fluence of millimeter radiation on light transmission through the lens. Klin Oczna 96 
(8-9), 257-259. <https://www.ncbi.nlm.nih.gov/pubmed/7897988>. 

Ramundo-Orlando, A., Longo, G., Cappelli, M., Girasole, M., Tarricone, L., Beneduci, A., 
Massa, R., 2009. The response of giant phospholipid vesicles to millimeter waves 
radiation. Biochim. Biophys. Acta (BBA) - Biomembr. 1788 (7), 1497-1507. http:// 
dx.doi.org/10.1016/J.bbamem.2009.04.006. <http://www.sciencedirect.com/ 
science/article/pii/S0005273609001175>. 

Ramundo-Orlando, A., Beneduci, A., 2012. Microwave induced shift of the main phase 
transition in phosphatidylcholine membranes. 

Rappaport, Theodore S., Deng, Sijia, 2015. 73 GHz Wideband Millimeter-Wave Foliage 
and Ground Reflection Measurements and Models. In: IEEE International Conference 
on Commimications (ICC), ICC Workshops, 8-12 June 2015. NYU WIRELESS. 
<http://ieeexplore.ieee.org/document/7247347/versions>. 

Riva, C.E., Logean, E., Falsini, B., 2005. Visually evoked hemod 5 mamical response and 
assessment of neurovascular coupling in the optic nerve and retina. Riva CE Prog. 
Retin Eye Res 24 (2), 183-215. http://dx.doi.Org/10.1016/j.preteyeres.2004.07.002. 
<https://www.ncbi.nlm.nih.gov/pubmed/15610973>. 

Romanenko, S., Siegel, P.H., Wagenaar, D.A., Pikov, V., 2014. Effects of millimeter wave 
irradiation and equivalent thermal heating on the activity of individual neurons in 
the leech ganglion. J. Neurophysiol. 112 (10), 2423-2431. http://dx.doi.org/10. 

1152/jn.00357.2014. <https://www.ncbi.nlm.nih.gov/pmc/articles/ 
PMC4233276/>. 

Ryzhov, A.L, Logvinov, S.V., 1991. Early ultrastructural reactions in various parts of the 
visual analyzer in guinea pigs after thermogenic microwave irradiation. Arkh Anat. 
Gistol. Embriol 100 (7-8), 30-36. <https://www.ncbi.nlm.nih.gov/pubmed/ 
1843431>. 

Sage, C., Carpenter D.O., 2012. Bioinitiative Working Group, Bioinitiative Report: A 
Rationale for a Biologically-based Public Exposure Standard for Electromagnetic 
Radiation at <www.bioinitiative.org> (31 December 2012). 

Samsimg Guide. Samsung Common Phone Health and Safety and Warranty Guide 
<http://www.samsung.com/us/Legal/PHONE-HS_GUIDE_English.pdf>. 

Samsimg SAR INFORMATION. <http://www.samsung.com/sar/sarMain7Site_cd = &prd_ 
mdl_name = SM-G920A&selNatCd = US&languageCode = EN>. 

Sanchez-CarboneU, X., Beranuy, M., Castellana, M., Chamarro, A., Oberst, U., 2008. 
Internet and cell phone addiction: passing fad or disorder? Adicciones 20 (2), 
149-159. <https://www.ncbi.nlm.nih.gov/pubmed/18551228>. 

Santini, R., Santini, P., Danze, J.M., Le Ruz, P., Seigne, M., 2002. Investigation on the 


health of people living near mobile telephone relay stations: I/incidence according to 
distance and sex. Pathol. Biol. 50 (6), 369-373. <http://www.ncbi.nlm.nih.gov/ 
pubmed/12168254>. 

Sasaki, K., Sakai, T., Nagaoka, T., 2014. Dosimetry using a localized exposure system in 
the millimeter-wave band for in vivo studies on ocular effects. IEEE Trans. Microw. 
Theory Tech. 62 (7). http://dx.doi.org/10.1109/TMTT.2014.2323011. <http:// 
ieeexplore.ieee.org/document/6818422/>. 

Sharma, B., Singh, S., Siddiqi, N.J., 2014. Review article: biomedical implications of 
heavy metals induced imbalances in redox systems. BioMed. Res. Int. 2014 (2014). 
http://dx.doi.org/10.1155/2014/640754. <https://www.hindawi.com/joumais/ 
bmri/2014/640754/>. 

Shawaf, S., 2015. Rapidly progressing cataract after microwave exposure. Shucri Shawaf. 
MOJS 2 (1), 00007. http://dx.doi.Org/10.15406/mojs.2015.02.00007. <http:// 
medcraveonline.com/MOJS/MOJS-02-00007.php>. 

Shcheglov, V.S., Alipov, E.D., Belyaev, I.Y., 2002. Cell-to-cell communication in response 
of E. coli cells at different phases of growth to low-intensity microwaves. Shcheg. 
Biochim. Biophys. Acta 1572 (1), 101-106. <https://www.ncbi.nlm.nih.gov/ 
pubmed/12204338>. 

Singh, S., Kapoor, N., 2014. Health implications of electromagnetic fields, mechanisms of 
action, and research needs. Adv. Biol. 2014 (2014), 24. http://dx.doi.org/10.1155/ 
2014/198609. <https://www.hindawi.com/archive/2014/198609/>. 

Sivani, S., Sudarsanam, D., 2013. Impacts of radio-frequency electromagnetic field (RF- 
EMF) from cell phone towers and wireless devices on biosystem and ecosystem—a 
review. Biol. Med. 4 (4), 202-2016. <https://www.researchgate.net/publication/ 
258521207_Impacts_of_radio-frequency_electromagnetic_field_RF-EMF_from_cell_ 
phone_towers_and_wireless_devices_on_biosystem_and_ecosystem-A_review>. 

Soghomonyan, D., Trchounian, K., Trchounian, A., 2016. Millimeter waves or extremely 
high frequency electromagnetic fields in the environment: what are their effects on 
bacteria? Appl. Microbiol. Biotechnol. 100 (11), 4761-4771. http://dx.doi.org/10. 
1007/s00253-016-7538-0. <http://www.ncbi.nlm.nih.gov/pubmed/27087527? 
dopt = Abstract>. 

Spector, A., 1995. Oxidative stress-induced cataract: mechanism of action. FASEB J. 9, 
1173-1182. <http://www.fasebj.Org/content/9/12/1173.short>. 

Stanford Linear Accelerator Laboratory, 2015. Selected Radio Frequency Exposure Limits. 
Chapter 50: Non-ionizing Radiation (June 30). <http://www-group.slac.Stanford. 
edu/esh/eshmanual/references/nirReqExpLimits.pdf>. 

Sundeep, R., Rappaport, T.S., Erkip, E., 2012. Millimeter-wave cellular Wireless networks: 
potentials and challenges. Proc. IEEE 102 (3). <http://ieeexplore.ieee.org/ 
document/6732923/>. 

Tamura, H., Nishida, T., Tsuji, A., Sakakibara, H., 2017. Association between excessive 
use of mobile phone and insomnia and depression among Japanese adolescents. Int. 
J. Environ. Res. Public Health 14 (7). http://dx.doi.org/10.3390/ijerphl4070701. 
(29). <https://wivw.ncbi.nlm.nih.gov/pubmed/28661428>. 

Thannickal, V.J., Fanburg, B.L., 2000. Reactive oxygen species in cell signaling. Am. J. 
Physiol. Lung Cell Mol. Physiol. 279 (6), L1005-L1028. <https://www.ncbi.nlm.nih. 
gov/pubmed/11076791 >. 

Torgomyan, H., Trchounian, A., 2013. Bactericidal effects of low-intensity extremely high 
frequency electromagnetic field: an overview with phenomenon, mechanisms, targets 
and consequences. Crit. Rev. Microbiol. 39 (1), 102-111. http://dx.doi.org/10.3109/ 
1040841X.2012.691461. <https://www.ncbi.nlm.nih.gov/pubmed/22667685>. 

University of Surrey. 5G Innovation Centre. (Accessed 29 Sept 2017). <https://www. 
surrey. ac. uk/5gic> . 

Upshur, R., 2015. What makes a problem a public health issue? The case for palliative 
care. Slide presentation. Pallium Can. Symp. <http://paIlium.ca/wp-content/ 
uploads/2015/11/What-Makes-a-Problem-a-Public-Health-Issue-The-Case-for- 
Palliative-Care-Dr.-Ross-Upshur.-Ross-Upshur.pdf>. 

Valko, M., Rhodes, C.J., Moncol, J., Izakovic, M., Mazur, M., 2006. Free radicals, metals 
and antioxidants in oxidative stress-induced cancer. Chem. Biol. Interact. 160 (1), 
1-40. http://dx.doi.Org/10.1016/j.cbi.2005.12.009. (10). <https://www.ncbi.nlm. 
nih.gov/pubmed/16430879>. 

Van Ummersen, C.A., Cogan, F.C., 1976. Effects of microwave radiation on the lens 
epithelium in the rabbit eye. Arch. Ophthalmol. 94 (5), 828-834. http://dx.doi.org/ 
10.1001/archopht. 1976.03910030410012. <http://jamanetwork.com/journals/ 
jamaophthalmology/article-abstract/631798?appId = scweb>. 

Vignal, R., Crouzier, D., Dabouis, V., Debouzy, J.C., 2009. Effects of mobile phones and 
radar radiofrequencies on the eye. Pathol. Biol. 57 (6), 503-508. http://dx.doi.org/ 
10.1016/j.patbio.2008.09.003. <https://www.ncbi.nlm.nih.gov/pubmed/ 
19036534>. 

Weng, C.B., Qian, R.B., Fu, X.M., Lin, B., Ji, X.B., Niu, C.S., Wang, Y.H., 2012. A voxel- 
based morphometric analysis of brain gray matter in online game addicts. 92 (45), 
3221-3223. <https://www.ncbi.nim.nih.gov/pubmed/23328472>. 

Williams, J., 2017. Cancer Linked to Cellphone Use, Italian Court Rules in Landmark 
Case. Newsweek(April 21). 

WHO, 1981. Environmental Health Criteria: Radiofrequency and Microwaves. In: Biologic 
Effects and Health Hazards of Microwave Radiation: Proceedings on International 
Symposium 1973. Warsaw, Oct 15-18, 1973. Sponsored by the WHO, US Department 
of Health, Education and Welfare, and The Scientific Council to the Minister of health 
and Social Welfare, Poland. <http://apps.who.int/iris/bitstream/10665/39107/l/ 
9241540761_eng.pdf>. 

Wu, T., Rappaport, T.S., Collins, C.M., 2015b. Safe for generations to come. IEEE Microw. 
Mag. 16 (2), 65-84. http://dx.doi.org/10.1109/MMM.2014.2377587. <https:// 
www.ncbi.nlm.nih.gov/pmc/articles/PMC4629874/>. 

Wu, T., Rappaport, T.S., Collins, C.M., 2015a. The Human Body and Millimeter-Wave 
Wireless Communication Systems: Interactions and Implications. In: Proceedings of 
the 2015 IEEE International Conference on Communications (ICC), NYU WIRELESS 
(accepted in), <https://arxiv.org/pdf/1503.05944.pdf>. 


494 


C.L. Russell 


Environmental Research 165 (2018) 484-495 


Wyde, Michael, 2016. NTP Toxicology and Carcinogenicity Studies of Cell Phone 

Radiofrequency Radiation-Slide Presentation. National Toxicology Program. National 
Institute of Environmental Health Sciences, BioEM2016 Meeting, Ghent, Belgium. 
<https://ntp.niehs.nih.gov/ntp/research/areas/cellphone/slides_bioem_wyde.pdf>. 

Xu, H., Wen, L.M., Hardy, L.L., Rissel, C., 2016. A 5-year longitudinal analysis of mod¬ 
ifiable predictors for outdoor play and screen-time of 2- to 5-year-olds. Int. J. Behav. 
Nutr. Phys. Act. 13 fl), 96. http://dx.doi.org/10.1186/sl2966-016-0422-6. 
<https://www.ncbi.nlm.nih.gov/pubmed/27561357>. 

Yak 5 nnenko, I., Tsybulin, O., Sidorik, E., Henshel, D., Kyrylenko, O., Kyrylenko, S., 2016. 
Oxidative mechanisms of biological activity of low-intensity radiofrequency radia¬ 
tion. Electromagn. Biol. Med. 35 (2), 186-202. http://dx.doi.org/10.3109/ 
15368378.2015.1043557. <https://www.ncbi.nlm.nih.gov/pubmed/26151230>. 

Ye, J., Yao, K., Lu, D., Wu, R., Jiang, H., 2001. Low power density microwave radiation 
induced early changes in rabbit lens epithelial cells. Chin. Med. J. 114 (12), 
1290-1294. <https://www.ncbi.nlm.nih.gov/pubmed/11793856>. 


Yu, Y., Yao, K., 2010. Non-thermal cellular effects of low power microwave radiation on 
the lens and lens epithelial cells. J. Int. Med. Res. 38 (3), 729-736. http://dx.doi.org/ 
10.1177/147323001003800301. <https://www.ncbi.nlm.nih.gov/pubmed/ 
20819410>. 

Zhang, X., Huang, W.J., Chen, W.W., 2016. Microwaves and Alzheimer's disease. Exp. 
Ther. Med. 12 (4), 1969-1972. http://dx.doi.Org/10.1097/00019052-200112000- 
00008. 

Ziskin, M.C., 2013. Millimeter waves: acoustic and electromagnetic. Bioelectromagnetics 
34 (1), 3-14. http://dx.doi.org/10.1002/bem.21750. <https://www.ncbi.nlm.nih. 
gov/pmc/articles/PMC3522782/>. 

Zothansiama, Zosangzuali, M., Lalramdinpuii, M., Jagetia, G.C., 2017. Impact of radio¬ 
frequency radiation on DNA damage and antioxidants in peripheral blood l 5 nnpho- 
cytes of humans residing in the vicinity of mobile phone base stations. Electromagn. 
Biol. Med. 36 (3), 295-305. http://dx.doi.org/10.1080/15368378.2017.1350584.. 
<https://www.ncbi.nlm.nih.gov/pubmed/28777669>. 


495 


